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INTRODUCTION 
In the spring of 1953 as one portion of a project entitled "Factors 
Influencing Corn Borer Populations, Project NC-20", experiments on the 
European corn borer were begun in Iowa, Minnesota and Ohio. The unique 
feature of these experiments was the use of the same plot layouts, treat­
ments and methods in all three states. These experiments have been con­
tinued each year since 1953 resulting in the accumulation of a consider­
able volume of data. 
The uniformity of the experimental methods from year to year and 
state to state lends well to the application of statistical methods to 
the data. The statistician is interested in the combination of data from 
groups of experiments. Oftentimes, however, there are difficulties in ob­
taining data which have been collected in a manner which will allow for a 
relatively uncomplicated analysis. 
One problem posed by the experiments concerns the differentiation of 
the effects of two European corn borer broods in Iowa. Present survey 
methods for estimating yield losses depend on fall surveys of borer abun­
dance. Midsummer estimates of borer populations have been suggested for 
obtaining more accurate estimates of yield losses. The data considered 
here can perhaps shed some light on the results of estimating losses at 
various times in the season. 
*> 
A second problem associated with the NC-20 data concerns the substi­
tution of cavity counts for borer counts in the evaluation of damage. 
From an economic standpoint cavity counts in some situations would provide 
more information than borer counts. The application of statistical meth-
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INTRODUCTION 
In the spring of 1953 as one portion of a project entitled "Factors 
Influencing Corn Borer Populations, Project NC-20", experiments on the 
European corn borer were begun in Iowa, Minnesota and Ohio. The unique 
feature of these experiments was the use of the same plot layouts, treat­
ments and methods in all three states. These experiments have been con­
tinued each year since 1953 resulting in the accumulation of a consider­
able volume of data. 
The uniformity of the experimental methods from year to year and 
state to state lends well to the application of statistical methods to 
the data. The statistician is interested in the combination of data from 
groups of experiments. Oftentimes, however, there are difficulties in ob­
taining data which have been collected in a manner which will allow for a 
relatively uncomplicated analysis. 
One problem posed by the experiments concerns the differentiation of 
the effects of two European corn borer broods in Iowa. Present survey 
methods for estimating yield losses depend on fall surveys of borer abun­
dance. Midsummer estimates of borer populations have been suggested for 
obtaining more accurate estimates of yield losses. The data considered 
here can perhaps shed some light on the results of estimating losses at 
various times in the season. 
A second problem associated with the NC-20 data concerns the substi­
tution of cavity counts for borer counts in the evaluation of damage. 
From an economic standpoint cavity counts in some situations would provide 
more information than borer counts. The application of statistical meth­
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ods can assist the entomologist in comparing the relative information pro­
vided by two variables. Correlation coefficients, relative variances and 
possible results from comparisons of treatment means and the analysis of 
variance assist in the evaluation. The validity of the comparisons and 
any resulting decisions as to which variable to use in further analyses âne 
based on the assumption that similar statistical methods are to be em­
ployed in the analysis of succeeding data. 
Finally, the entomologist is interested in the assistance these data 
can provide for relating corn borer damage to loss in yield. Although the 
NC-20 experiments were established primarily for a study of ecological re­
lations, the yield data collected are suitable for the estimation of yield 
losses. The importance of studies of this type were pointed out by Decker 
(1955) in an editorial entitled "Wanted - An Evaluation of Insect Losses." 
One major entomological deficiency pointed out is the lack of "reliable 
data on losses attributable to pests." The data collected under the NC-20 
project provide an opportunity for the study of the association of yield 
loss attributable to one insect under a very wide range of conditions. 
3  
REVIEW OF LITERATURE 
For a general discussion of the history, development and ecology of 
the European corn borer the papers by Caffrey and Worthley (1927), and 
Huber et al. (1928) provide a great deal of information. The main inter­
est here, however, is in the more specific references to yield losses 
attributable to borer infestation and papers relating cavity and borer 
counts to yield. 
It appears from the survey of the literature that upon its first in­
troduction into a new area the borer losses were so obvious that refined 
methods of estimating loss were not employed. For instance, Crawford 
(1930) reported that in Canada in 1920, the first year in which the borer 
was recorded in an area near St. Thomas, about 5 miles from Lake Erie, 
much of the sweet corn was unmarketable. Field corn was 90 to 100 percent 
infested; however, losses did not exceed 10 percent. In 1921 the area of 
infestation was extended and losses up to 70 percent on grain corn were 
recorded. The spread, as well as the size of losses, continued so that 
"in 1926 the crop upon at least 1200 square miles was virtually ruined 
. . . and losses of ruinous severity were being suffered throughout the 
two counties of Essex and Kent . . . The total acreage between 1924 
and 1927 decreased by about 66 percent as compared to the acreage from 
1921 to 1924. 
In the United States some of the earliest work on losses in yield is 
reported by Caffrey and Worthley (1927). The average damage for the years 
1920 to 1922 on experimental plots in the New England area showed 10.0, 
/ 
3.14, and 1.4 percent grain injury or destruction on flint, dent and sweet 
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corn respectively. Surveys in New England from 1920 to 1922 showed 5.1 
percent injury on flint and 1.1 percent injury on sweet corn. In surveys 
in eastern New York and western New York the percentages were below 1 per­
cent. Up to 1924 there was little economic loss in Ohio and Michigan, the 
damage being confined mainly to New England. After the insect is estab­
lished for a number of years, however, the population declines and losses 
may be less striking. Caffrey and Worthley point out as early as 1928, 
in a supplement to their report, that studies demonstrate that indirect 
injury to cornstalks affecting number, weight and quality of ears are more 
important than the direct injury by larvae feeding on the ears. 
Salter and Thatcher (1927) presented data bearing on losses in yield 
in Ohio for 1924 to 1926, noting that ears from infested stalks were 5.19 
to 9.14 percent lighter in weight than ears from non-infested stalks. No 
report was made of the number of borers per infested stalk. The authors 
expected that as the population per stalk increased the reduction in yield 
would increase, "possibly at a higher rate." In addition, some of their 
data indicated a direct relationship between stalk breakage and borers per 
stalk. 
While estimating losses in yield as related to loss in leaf-blade 
area, Dungan (1930) showed that yield reduction became progressively less 
as the plant became more mature at the time of blade area loss. Breaking 
of midribs of each leaf resulted in about a 20 percent loss in yield when 
the plants were 10 percent silked. 
Meyers et al. (1937) in studying corn resistance to borers noted the 
effect of strains, agronomic practice and seasons and cautioned, "Direct 
comparisons among strains having different growth rates or seasonal re­
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quirements are subject to considerable error.11 
Beginning mainly with the work of Patch, considerable use was made 
of regression methods to estimate loss per borer, either as a percentage 
or in bushels per acre per borer per plant. Artificial population levels 
were induced by applying varying numbers of egg masses to the plants. 
Very often, however, a series of estimations were necessary before a fin­
al loss per borer was computed. In addition, the final loss figures were 
often unaccompanied by measures of reliability in terms of confidence in­
tervals. 
Patch et al_. (1938) in a comparison of resistance of two hybrids to 
corn borer attack reported a reduction of yield of 1.81 bushels per acre 
per borer per plant using Michigan 561, a resistant hybrid. A locally 
adapted Clarage variety, based on plantings from 1929 to 1932, had a yield 
reduction of 1.83 bushels per acre per borer. The Clarage variety was 
considered susceptible. Both strains were considered as having equal 
yielding capacity and the infestation developed from the single generation 
borer. 
In a comparison of open pollinated varieties and hybrid field corn 
from 1930 to 1933 Patch et al_. (1941) studied the effect of a single gen­
eration infestation on quality and yield of ears. Different borer levels 
were induced by artificial infestation. Borer counts were made in mid-
August while yield data were collected on October. Under infestations of 
up to five borers per plant there was little reduction in yield. Based on 
the estimated marketable yield in the absence of borers, the marketable 
yield was reduced 2.53 bushels (2.99 percent) per borer per plant on hy­
brids, 2.45 bushels (3.71 percent) on open-pollinated varieties, and 1.87 
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bushels (3.56 percent) on the variety Clarage. The respective average es­
timated yields were 85.9, 68.7 and 54.8 bushels per acre. The effect of 
breakage was also considered and estimated at 1.47 percent per borer per 
plant. A point which should be noted pertains to the loss per borer ex­
pressed as a percentage. In the calculations it is necessary to extrapo­
late to a zero population along the regression line of yield on borers. 
Patch points out, however, that up to five borers per plant there is lit­
tle yield loss. Thus one might suspect that the percentage value is 
underestimated since it is the ratio of the regression coefficient of 
yield on borers to the estimated yield in the absence of borers. 
Patch et al. (1942) studied the factors determining the reduction in 
yield using up to five infestation levels on field corn. On the varieties 
Smoky-Dent and Clarage it was concluded that loss in yield was proportion­
al to number of borers, although there had been some indications that 
only slight reductions in yield occurred with less than five borers per 
plant. In order to study effects of plant development the authors indi­
cated a desirability for approximately the same yields in the absence of 
borers. Within the yield range of 28 to 85 bushels per acre the percent 
loss in yield increased with increases in the normal yield. On Clarage, 
yield reduction was 1.37 bushels (4.86 percent) per acre per borer per 
plant when yield in absence of borers was 28.2 bushels, and 2.27 (2.68 
percent) when the yield was 84.6 bushels per acre. On hybrids the re­
duction was 2.57 bushels (3.02 percent) per acre per borer per plant for a 
yield of 85 bushels and 4.13 bushels (3.93 percent) per acre per borer per 
plant for a yield of 105 bushels per acre. The stage of plant development 
was found to be an important factor in yield reduction. 
7  
Studies of the loss of yield in dent corn hybrids infested with the 
August generation at Lafayette, Indiana were reported by Deay et al. 
(1949) using 16 single crosses in 1944. The reduction of yield in bushels 
per acre at 15«5 percent moisture for each additional borer per plant var­
ied from .50 + .221 to 2.46 + .254 with an average value of 1.18 + .069, 
or an estimated 1.85 percent per borer per plant. An estimate of the 
yield in the absence of borers was computed for each single cross and it 
was found that the reduction in yield per borer was directly related to 
the yield of the hybrid, higher yielding varieties having a greater loss 
in yield. Infestations were natural, natural plus three egg masses, and 
natural plus six egg masses. The mean number of borers per plant per 
single cross varied from 6.00 to 9.56 while the yields varied from 77.2 
to 42.3 over the 16 single crosses. 
Experiments in 1945, using single crosses with P8 as a common parent, 
showed a loss in yield of 1.27 bushels per acre per borer, whereas the WF9 
crosses had a loss of 1.62 bushels per acre per borer. Another group of 
P8 hybrids had a loss of 1.11 bushels while Hy and L317 groups lost 2.25 
and 3.09 bushels per borer. An average of two lots of hybrids tested in 
1944 and 1945 with potential yields of 66.8 bushels per acre lost 1.21 
bushels (1.81 percent) per borer per plant and with a yield of 88.5 bush­
els per acre lost 2.61 bushels (2.95 percent). 
Generally hybrids having the earliest egg hatching suffered the great­
est loss in yield. Emphasis is placed on the point that serious underes­
timates or overestimates of loss in yield could be made if the time of the 
survey of borer populations is not considered. 
Chiang and Hodson (1950) point out four possible ways in which borer 
damage can occur: (1) Interference with the plant physiology resulting 
from boring and feeding and consequent reduction in ear size, (2) Des­
truction of kernels, (3) Stalk breakage and ear droppage, (4) Provide 
entrance points for stalk rots. 
The effect of stalk breakage on yield was studied. The data sug­
gested that first brood larvae caused stalk breakage above the ear, while 
ear dropping and breakage below the ear were caused mainly by the second 
brood. Breakage above the ear was found to have little effect on loss in 
yield. The incidence of breakage was found to increase as the stalks 
dried out. 
L. H. Patch (1951) estimated the reduction in yield by the first 
brood using four fields in Iowa as 2.4 bushels (2.2 percent) per borer 
per plant where the yield in the absence of borers was 108.8. In this 
report, counts of cavities in the plant are utilized in estimating borer 
populations. 
Stalk breakage by the August generation in Indiana in 1944 to 16 
single cross hybrids was studied by Patch et al. (1951). Plots had a 
natural infestation, natural plus three egg masses and natural plus six 
egg masses to induce varying infestation levels. There was a net loss of 
four borers per plant between September 9 and October 5, although borers 
inside the stalk above the ear decreased 0.8 per stalk and below the ear 
increased 0.9 per stalk. The loss in yield due to reduction in ear size 
was estimated to be ten times the losses due to unrecoverable dropped 
ears and ears on broken stalks. Total reduction in yield was estimated 
as 1.87 percent per borer per plant. The amount of loss varied with the 
various hybrids. 
s 
Chiang and Hodson (1952) used the maximum number of egg masses laid 
on any one day during oviposition to estimate the fall population of first 
generation borers. Using the 3 percent loss in yield per borer (Patch 
et al. 1942), It was then possible to estimate yield losses early in the 
summer. The authors point out that the validity of the 3 percent value is 
still to be demonstrated since it was determined from first generation 
studies. While there are actual differences in the damage done by each 
generation, the 3 percent value is still applied to fall survey data. 
During 1952 Chiang, Cutkomp and Hodson (1954) found that combination 
of a low first generation borer population and a sizeable second generation 
did not significantly affect yield. Use of a 3 percent loss per borer per 
plant, disregarding first and second generation borer effects, gave an 
overestimate of yield loss. It was suggested that use of first generation 
populations only would have given a better estimate. Stalk breakage was 
found to vary with the number of larvae. The authors believed that stalk 
breakage was not fairly assessed at the time of fall survey. Second gen­
eration borers were found to have little effect on ear growth but were 
responsible for stalk breakage and ear dropping. 
It was concluded that the population of first and second generation 
borers must be distinguished and that their effect on the loss in yield 
must be assessed separately, although this distinction may be difficult to 
make in a large scale field survey. Also, attempts to handle the losses 
due to borers of the two generations as one problem may commonly result in 
erroneous estimates. 
Using both cavity and borer counts, varying planting dates and vary­
ing artificial infestation levels Beck (1954). estimated damage in Iowa to 
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a commercially grown hybrid, Iowa 4297. Tunnels proved to be a better 
index of damage in the fall than borers. In a midseason planting, loss 
in yield based on first generation populations was 5.4 percent per borer 
per plant and 2.6 percent per tunnel. In the fall, yield and borers had 
low correlation but yield and tunnels were correlated. The loss in yield 
was 3.4 percent per tunnel in the fall. For populations made up of both 
broods loss per borer was 2.0 percent and loss per tunnel 1.99 percent in 
the fall. On the second brood only, in another experiment, loss per borer 
was 0.8 percent and 0.9 percent per tunnel. There were indications that 
later applications of eggs resulted in less damage per borer per plant. 
Of the papers reviewed up to this point, only two (Patch, 195% and 
Beck, 1954) mention the use of cavities in estimating yield losses. Both 
are unpublished and Patch actually only uses cavities to estimate midsum­
mer borer populations. Mention is made that the time of fall dissections 
affects borer and consequent yield loss estimates, particularly in two 
generation areas. Everett et al. (1958) made use of cavity counts in 
estimating yield losses with some of the NC-20 studies. Thus it is ap­
parent that the use of cavity counts is a relatively unexplored area in 
corn borer investigations. 
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EXPERIMENTAL DESIGN AND DATA 
The data utilized here are from split-split plot experiments con­
ducted from 1953 to 1956 in Iowa, Minnesota and Ohio. A single experi­
ment was conducted in each state each year. Main plots consisted of a 
planting date, designated either early or late, while the subplots were a 
susceptible (WF9 x Ml4), or a resistant (0h43 x 0h51A) single cross hy­
brid. The sub-subplots, consisting of 42 hills of corn, were made up of 
eight combinations of first and second generation population levels, 
namely, the designated treatments in the following table where N is a 
natural infestation, 3 or 6 refers to the addition of three or six egg 
masses and 0 indicates control by either EPN (first generation) or DDT 
(second generation): 
First generation level 
0 N N + 3 N + 6 
0 T reatment 1 
Second N Treatment 5 Treatments 2 & 8 Treatment 3 Treatment 4 
Generation N + 3 Treatment 6 
Level N -f- 6 Treatment 7 
At midseason six plants per plot were dissected and counts made of 
the larvae and cavities on treatments 1, 2, 3 and 4. In the fall ten 
plants from every plot in the experiment were dissected to obtain borer 
and cavity counts, while in addition, total yield from 30 plants in the 
plot was obtained. The ten plants dissected for borer and cavity counts 
were included in the 30 plants on wh&ch yield data were obtained. The ex­
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periments were all designed with six replicates; however, in some in­
stances only five replicates yielded usable data. Five replicates were 
used in Iowa in 1954 and 1955 and in Minnesota in 1955 while six repli­
cates were used in all other experiments. 
Data on numerous other items descriptive of plant development, po­
sition of larvae on the plants, instar, and leaf lesion counts were also 
taken. A more complete account of the experiment and the type of infor­
mation is to be found in the report by Everett et al. (1958). Borers, 
cavities and plot yields are the three variables to be considered in this 
thesis. 
The data were transferred to IBM punch cards after collection. The 
larvae and cavity totals on individual plants were then transformed by 
the square root transformation, a standard transformation for entomolog­
ical counts. The value of /x -i- 0.5 where x is the number of borers or 
cavities per plant thus became the variable utilized in computations. A 
complete schedule for the coding of the data on cards is given in the ap­
pendix, table 29. For the midsummer dissections the yield data taken in 
the fall on the same plot were employed. 
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STATISTICAL STUDIES 
Midsummer Dissections 
Data from the midsummer dissections and the yield in the fall were 
used to estimate the regressions of yield on borers and yield on cavi­
ties. Four treatments (levels of infestation) were dissected at midsum­
mer. Treatment 1 had been treated with insecticide during both broods 
and in theory had no infestation while treatments 2, 3 and 4 all had a 
natural second brood infestation but represented three levels of first 
brood infestation, natural, natural plus three egg masses and natural plus 
six egg masses. Treatment 1 was omitted from the regressions because of 
the fact that it had a negligible natural second brood infestation level 
since it was treated with insecticides. For this reason treatment 1 
would not be consistent with the infestation levels of the other three 
treatments. 
Analyses of variance performed on the data indicated interactions be­
tween date of planting or variety and the infestation levels. Therefore 
the yield regression was computed for each year, state, date and variety 
combination, of which there are 48, on both borers and cavities. As sin­
gle observed values, the plot total of the number of borers or cavities 
on six plants and the yield based on 30 plants in the fall were employed. 
The borer and cavity counts were transformed values. 
The regression coefficients of yield on borers or cavities were 
assumed to be the same regardless of replicate. Small differences in 
yield between replicates would be expected and if negligible would allow 
the use of a single regression equation. A test of significance of repli-
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cate differences was made, whenever a regression coefficient was signifi­
cant, to determine whether replicate differences should be included in a 
model of the relation of yield to borers or cavities. 
The model used is 
YI j Bxjj + ejj 
where yjj is the yield in the ith replicate (i = 1 to 5 or 6) on the jth 
plot (j = treatment 2, 3 or 4),^iis the overall mean, r; is the effect 
of the replicate, B is the regression coefficient, x;j is the sum of the 
six transformed borer or cavity counts per plant and e;j is the residual. 
Each set of 15 or 18 observations for the various year, state, date, 
variety combinations may be viewed as derived from a randomized block ex­
periment with three treatments and either five or six replicates. If an 
analysis of covariance table using yield and borers or cavities is com­
puted, then the estimate of Bin the above model is obtained from the 
treatment plus error sums of squares. The success of estimating loss in 
yield knowing either the number of borers or cavities may be quickly seen 
from the correlation coefficients given in table 1. 
The results shown in table 1 support the hypothesis of a relation be­
tween yield and some measure of infestation, either borer or cavity counts. 
In all cases of a statistically significant coefficient, except one, the 
coefficient is negative, indicating that higher infestations are assoc­
iated with reduced yield. There is considerable variation from year to 
year and state to state in the number of instances when coefficients are 
significant. There is no evidence from the table values that borers are 
superior to cavities, either in terms of the number of coefficients or 
relative sizes. The most striking fact about the values in table 1 is the 
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Table 1. Correlation coefficients of yield and borers or cavities for 
various year, state, variety, date combinations. 
ESa ER LS LR 
Yield and borers 
Iowa 1953 -.663* -.050 -.258 -.446 
1954 -.799* -.474 -.738* -.597* 
1955 -.570* .116 -.554* -.225 
1956 
-.337 .015 -.806* -.285 
Minnesota 1953 -.022 .388 -.347 -.397 
1954 -.701* .104 -.469 -.147 
19 55 -.542* -.407 -.891* -.454 
1956 -.660* -.541* -.723* -.311 
Ohio 1953 -.414 .123 .450 .205 
1954 -.295 -.060 .182 .247 
1955 -.729* -.490* -.449 -.329 
1956 .091 .150 .138 -.259 
Yield and cavities 
Iowa 1953 -.683* .025 -.341 -.352 
1954 -.840* -.654* -.786* -.516* 
1955 -.759* -.579* -.434 .112 
1956 -.370 .082 -.832* -.292 
Minnesota 1953 -.152 . 1 1 1  -.312 -.098 
1954 -.772* -.161 -.249 -.317 
1955 -.566* -.360 -.791* -.596* 
1956 -.720* -.496* -.771* -.290 
Ohio 1953 -. 376 .060 .359 .057 
1954 -.374 .128 .217 .490* 
1955 -.771* -.407 -.312 -.317 
1956 .293 .208 .104 -.329 
a E = early planting 
L = late planting 
S = susceptible variety 
R = resistant variety 
* A single asterisk indicates significance at the 5 percent level. These 
. are one-tail tests since only negative coefficients are reasonable. 
16  
apparently better chance of demonstrating a relation between yield and a 
population measure upon a susceptible variety (S) than upon a resistant 
variety (R). There is no indication that planting date has influenced 
the size of the correlations. 
The use of the correlations is satisfactory for a rapid survey of 
the possibilities of demonstrating a relation between yield and some meas 
ure of population (borers or cavities). Of greater importance, however, 
is the estimation of regression equations, and the combination of these 
equations. 
Two additional sets of computations were performed on first brood 
data taken at midsummer. The first was a test of the differences between 
replicates. The regression coefficients were assumed to be equal within 
each replicate but no assumption was made as to whether or not the regres 
s ions coincided. The test of replicate differences gives some indication 
of whether one line could be used for all the data or if a series of par­
allel lines separated by yield differences from replicate to replicate 
would be required. 
If replicate differences are negligible then a model 
Y;j + + e,j 
could be used to fit the data. The difference between the error sum of 
squares for the model with the term rj and the error sum of squares for 
the model without the rj term is attributable to replicate differences. 
This difference divided by the number of replicates minus one may be 
tested against the error mean square associated with the model 
yij ri + Bxij * eij 
Although differences in yield would be expected depending on date, 
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variety, year and location, within any combination of these factors dif­
ferences between replicates would result from random unknown effects. The 
results of the tests of coincidence of the regression lines from replicate 
to replicate are shown in table 2. The test was made only if the correla­
tion coefficient in table 1 was significant at least at the 5 percent lev­
el. In 16 cases out of 31 the test is significant at some level higher 
than the 1 percent since each test was dependent on a prior test. 
These results give some indication of the variation to which yield 
loss equations are subject. If the thesis that yield loss regression co­
efficients are a function of yield (patch et al. 1941) then the signifi­
cance of replicate differences gives some indication of a non-homogeneity 
of regression coefficients from replicate to replicate. Tests of homoge­
neity of regression coefficients from replicate to replicate are not pos­
sible here in that there are only three pairs of values per replicate. 
A regression equation was computed for all cases of a significant 
negative correlation coefficient in table 1. Where evidence of signifi­
cant differences in yield from replicate to replicate was found the esti­
mating equation 
V\j = Bx;j 
was employed. The effect of replicate differences using this equation is 
an increase in the size of the variance of ^  as compared to the variance 
with equations containing replicate effects. The computed equations are 
shown in table 3. 
There are no striking differences in the regression coefficients 
which vary from -5.46 to -26.40. The yield value in these equations is in 
bushels per acre while the number of borers or cavities (x) is the square 
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Table 2. "F" values for tests of coincidence of regressions between 
replicates. 
ER LS LR 
Yield and borers 
Iowa 1953 
1954 
1955 
1956 
4.22** 
0.59 
3.97** 
_a 
0.83 
0.87 
8.21** 
5.26** 
Minnesota 1953 
1954 
1955 
1956 
0.28 
1.04 
4.99** 3.09 
9.45** 
5.26** 
-
Ohio 1953 
1954 
1955 
1956 
4.21** 
Yield and 
1.02 
cavi ties 
-
-
Iowa 1953 
1954 
1955 
1956 
6.67** 
0.48--
6.56** 
1.97 
0.84 
0.85 
9.61** 
4.68** 
Mi nnesota 1953 
1954 
1955 
1956 
0.62 
1.86 
6.71** 2.78 
2.84 
5.70** 
4.65** 
Ohio 1953 
1954 
1955 
1956 
3.85** - -
-
** Two asterisks indicates significance at the 1 percent level. 
a Dashed cells indicate the correlation coefficient in table 1 was not 
significant or positive. 
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root of the actual number of borers or cavities per plant plus one-half. 
The value of x for one borer or cavity is therefore 1.22. For the yield 
and borers in Iowa, ES, 1953, the loss per one borer is therefore 8.23 
bushels per acre while for ten borers the loss per borer would be 4.08 
bushels. These results derive from the fact that the square root trans­
formation was employed resulting in a curvilinear relation between yield 
and infestation. In the case of a linear relation the loss in yield per 
borer or cavity is a constant regardless of the number of borers or cav­
ities. It should be remembered when computing the yield for a zero pop­
ulation of borers per plant that the value of x is not zero but 0.71 the 
square root of 0.50. When losses per borer are computed this adjustment 
must be made for the use of a Vx +• 0.5 transformation. 
The effectiveness of the use of the equations in table 3 for esti­
mating yield losses was considered next. Treatment 1 was not used for 
computing the estimating equations of table 3 and It provides an inde­
pendent estimate of the yield in the absence of borers. The yield for 
treatment 1 should be slightly higher than the estimated yield in the ab­
sence of borers or cavities since it was not subject to a second brood in­
festation as were the three infested treatments. The estimated yield 
using the equations may be compared to this actual yield. The mean yield 
of treatments 2, 3 and 4 can also be computed, and when compared with the 
yield of treatment 1 provides an estimate of yield loss. A second esti­
mate of yield loss can be computed by inserting either the mean number of 
borers or cavities on treatments 2, 3 and 4 into the estimating equations 
and adjusting for the fact that x = 0.71 when no borers or cavities are 
present. 
Table 3« Regression equations for midsummer dissections relating yield In bushels per acre to 
borers or cavities per plant. 
Standard Standard 
Factor combination Equation error of ba d.f. Equation error of b d.f. 
Yield and borers Yield and cavities 
ES Iowa 1953 y es 110.52 - 16.14x 5.49 11 y 105.52 - 7.56x 2.44 11 
1954 y ss 120.91 - 16.98X 4.26 9 y S3 125.69 - 16.86X 3.62 9 
1955 y es 105.07 - 18.36x 8.80 9 y S3 114.67 - 1 8 .36X  5.26 9 
Minnesota 1954 y S3 116.04 — 12.42x 6.80 11 y 125.81 _ 26.40x 6.55 II 
1955 y 100.31 - 11.64x 6.01 9 y SS 96.47 - 5.46x 2.65 9 
1956 y 111.96 - 8. /6x 3.01 II y 115.20 - 9.96X 2.89 II 
Ohio 1955 y 110.82 - 1 6 .26x 4.61 II y S3 105.12 - 7.80x 1.94 II 
ER Iowa 1954 y 103.45 - 17.52x 6.00 9 
• 
1955 y SS 114.26 - 15.54x 8.24 9 
Minnesota 1956 y 109.91 - I4.10x 6.62 II y 108.82 - 12.12x 6.40 II 
Ohio 1955 y ss 101.85 - 10.02x 5.37 II 
LS Iowa 1954 y ss 117.83 - 23.28x 7.10 9 y 117.19 - 21.84x 5.73 9 
1955 y: / ta 102.50 - 13.62x 6.85 9 
1956 y ss 111.23 - 15.30x 3.40 11 y SS 115.12 - 19.68x 3.97 11 
Minnesota 1955 y 88.25 _ 21.24x 3.61 9 y 81.70 M 12.66x 3.26 9 
1956 y 104.97 - 10.38x 2.99 11 y S3 106.94 - 1 0 .86x 2.70 II 
LR Iowa 1954 y 106.45 - lO.BOx 4.83 9 y S3 104.57 - 8.10x 4.47 9 
Minnesota 1955 y 65.34 - 12.54X 5.62 9 
a b is the estimate of B b d.f. «= degrees of freedom 
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Thus, it is possible to obtain both actual and estimated yields and 
yield losses. These values are shown in table 4 for yield and borers and 
in table 5 for yield and cavities. Using borers, the average yield on 
treatment 1 was 96.2 bushels per acre while the estimated yield was 97.5 
bushels per acre. The mean actual loss (mean of treatment 1 minus mean 
of treatments 2, 3 and 4) was 9.86 bushels per acre while the estimated 
loss was 9*50 bushels per acre. With cavities, the yield on treatment 1 
was 93.8 bushels per acre while on treatments 2, 3 and 4 it was 96.7 
bushels per acre. The actual loss was 9.64 bushels per acre while the 
estimated loss was 11.55 bushels per acre. 
Although the means over all estimates tend to agree quite well, of 
even greater significance is the degree of correlation between the various 
pairs of observations. The correlation coefficients for actual and esti­
mated yields and actual and estimated yield losses using borers are 0.845 
and 0.703 respectively with 13 degrees of freedom, and 0.841 and 0.612 
respectively with 14 degrees of freedom using cavities. These correla­
tions are all significant at the 5 percent level and indicate that the 
estimated yields or yield losses tend to vary as the actual yields or 
yield losses. 
A final point of interest is a consideration of a single regression 
coefficient for all factor combinations in table 3 when using borers or 
when using cavities. The value selected is the mean of the regression 
coefficients. In the case of borers the mean regression is -14.62 and in 
the case of cavities, -13.95. When these coefficients are multiplied by 
the average borers or cavities on treatments 2, 3 and 4, the resulting 
loss estimates are 9.50 and 11.44 bushels per acre, agreeing quite well 
Table 4, Comparisons of estimated and actual yields and yield losses in bushels per acre 
using borers. 
Factor combination 
Yield 
treatment 
1 
Yield 
estimate 
Mean yield 
treatments 
2, 3. 4 
Mean borers 
treatments 
2, 3. 4 
Loss 
estimate 
ES Iowa 1953 
1954 
1955 
99.94 
102.69 
86.06 
99.06 
108.85 
92.03 
94.47 
83.20 
75.70 
0.99 
2.22 
1.60 
4.52 
25.64 
16.34 
Minnesota 1954 
1955 
1956 
102.74 
91.88 
109.85 
107.22 
92.05 
105.74 
92.48 
82.34 
97.91 
1.90 
1.14 
1.61 
14.78 
5.01 
7.88 
Ohio 1955 90.32 99.28 83.16 1.05 5.53 
ER Minnesota 1956 97.42 99.90 92.16 1.26 7.76 
Ohio 1955 87.98 94.74 82.04 0.98 2.71 
LS Iowa 1954 
1955 
1956 
111.20 
91.52 
94.62 
101.30 
92.83 
100.37 
86.19 
88.20 
87.81 
1.36 
1.05 
1.53 
15.13 
4.63 
12.54 
Minnesota 1955 
1956 
74.24 
100.50 
73.17 
97.60 
65.73 
88.97 
1.06 
1.55 
7.43 
8.72 
LR Iowa 1954 102.13 98.78 94.96 1.07 3.89 
Total 1 ,443.09 1,462.92 „ 1,295.32 
i 
20.37 142.51 
Mean 96.21 97.53 86.35 1.36 9.50 
Table 5. Comparisons of estimated and actual yields and yield losses in bushels per acre 
using cavities. 
Factor combination 
Yield 
treatment 
1 
Yield 
estimate 
Mean yield 
treatments 
2. 3. 4 
Mean cavities 
treatments 
2, 3. 4 
Loss 
estimate 
ES 1owa 1953 99.94 100.15 94.47 1.46 5.67 
1954 102.69 113.72 83.20 2.52 30.52 
1955 86.06 101.63 75.70 2.12 25.89 
Minnesota 1954 102.74 107.07 92.48 1.26 14.52 
1955 91.88 92.59 82.34 1.71 5.46 
1956 109.85 108.13 97.91 1.74 10.26 
Ohio 1955 90.32 99.58 83.16 1.47 5.93 
ER 1owa 1954 97.65 91.01 87.27 1.73 17.87 
1955 83.76 103.23 81.65 1.24 8.24 
Minnesota 1956 97.42 100.21 92.16 1.38 8.12 
LS Iowa 1954 111.20 101.68 86.19 1.42 15.51 
1956 94.62 101.15 87.81 1.39 13.38 
Minnesota 1955 74.22 72.71 65.73 1.26 6.96 
1956 100.50 99.23 88.97 1.66 10.32 
LR 1owa 1954 102.13 98.82 94.96 1.19 3.89 
Minnesota 1955 56.49 56.44 53.25 0.89 2.26 
Total 1,501.47 1,547.35 1,347.25 24.44 184.80 
Mean 93.84 96.71 84.20 1.53 11.55 
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with the loss estimates using separate coefficients for each factor combi­
nation. The respective correlation coefficients of actual and estimated 
yield losses when a constant regression coefficient is employed are O.563 
with borers and 0.537 with cavities. The coefficients would be expected 
to be lower than the previously given 0.703 and 0.612; however, they are 
still significant at the 5 percent level. The average losses per borer 
and per cavity per plant are 7.60 and 7.25 bushels respectively. 
These results are based on the best, in the sense of being signifi­
cant at the 5 percent level, set of equations obtainable from the original 
data. Higher regression coefficients in general will be the result. The 
remaining portions of this section consider the pooling of the various 
variety-planting date combinations over years within Iowa and Minnesota. 
As a result of this pooling the regression coefficients and loss estimates 
per borer will be lower. The preceding results can be termed maximum loss 
estimates. 
Having computed the equations shown in table 3 as well as having 
tested the significance of the regression coefficients shown in table 1 
the question which naturally arises is whether or not the data can be 
pooled in order to reduce the number of estimating equations. There are 
a number of ways in which the pooling or tests for the homogeneity of the 
regressions can be made. For the data considered here the question asked 
is whether for each planting date, variety combination in a state the re­
gression coefficients are relatively constant from year to year. 
Ostle (1954) presents methods for performing various statistical 
tests for answering this question and consequences of it. These tests 
were applied to the four regressions for each planting date, variety, year 
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combination. The probabilities of a higher F-va lue for each test are 
shown in table 6. The tests are applied in sequence as succeeding tests 
depend on the results of previous tests. The first test (Fi) Is con­
cerned with the question of whether one regression can be used to fit all 
four years' data. If the F-value is higher than the tabular value, one 
proceeds with the tests in the attempt to determine why a single regres­
sion will not fit the data. The second test (Fg) is of the homogeneity 
of the four regression coefficients. If the test is significant, indica­
ting that a single regression coefficient will not fit the data, the 
testing ends. However, when the hypothesis of equal regression coeffic­
ients is accepted, then the next test (F3) is whether the regression of 
means is linear. Once again if the hypothesis is rejected, that is, we 
conclude that the means from year to year are non-1inearly. related, the 
testing stops. However, if it is decided that the means are linearly 
related, then the final test (F^) of whether the between group regression 
is the same as the within group regression is performed. 
• Oftentimes the question of pooling a number of separate regressions 
computed for several groups arises when some of the regressions were sig­
nificant and others non-significant. This was a common occurrence with 
the data considered here as in no instance were all four regressions sig­
nificant. It is conceivable that although none of the four regressions . 
in each year is significant a pooled regression would show significance. 
Therefore, in cases where none or a few of the regressions within a year 
is significant another test should be introduced in cases where the re­
gressions are concluded to be homogeneous. This test is whether or not 
the pooled regression is significant for a number of regressions can be 
Table 6. Results of tests of homogeneity of regressions between years. 
ES ER LS LR ES ER LS LR d. f. 
Borers and yield Cavities and yield 
Iowa F| 8.72** 2.26- 6.84** 12.33** 13.17** 2.83* 6.54** 6,40 
F2 1.44 3.19* 0.22 1.80 3.41* 4.92** 1.02 3,40 
F3 23.24** 0.54 0.56 32.41** 25.56** 0.57 7.13** 2,43 
F4 2.96- 41.27** 1.17 21.85** 1,43 
Minnesota Fl 12.54** 20.43** 15.29** 10.01** 15.67** 15.56** 6,42 
FZ 1.61 0.37 0.16 3.19* 0.15 0.34 3,42 
F3 32.66** 55.88** 29.00** 18.27** 48.57** 45.70** 2,45 
F4 1,45 
Significant at the 10 percent level 
* Significant at the 5 percent level 
** Significant at the 1 percent level 
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considered homogeneous and still not yield a pooled regression coefficient 
significant at, say, the 5 percent level. 
There were no instances with the Ohio data where a pooled regression 
showed significance with either borers or cavities. Of the four coef­
ficients for each variety-date combination some were positive and some 
negative. Generally the coefficients were homogeneous but in no case was 
the pooled coefficient significantly different from zero. For this reason 
no results for the Ohio data are presented in table 6. 
For the Minnesota data the same situation prevailed on the early 
planted-resistant variety combination. With the other three date-variety 
combinations the hypothesis of a single regression was rejected but the 
regression coefficients from year to year were considered homogeneous 
except with cavities on early-susceptible (ES) in 1954 when the regression 
coefficient was rather high (-26.40) as compared to the other three co­
efficients. The test of linear regression of the mean yield on either 
the mean number of borers or cavities in every case was significant at 
the 1 percent level indicating non-linearity. This result would seem to 
indicate that for the populations considered here, high yielding years 
were not necessarily conducive to high borer populations. 
The homogeneity tests on the Iowa data showed considerable variation. 
For the early-susceptible combination the results were similar to those 
for Minnesota with homogeneous coefficients and non-linearity of the be­
tween -years regression. The early-resistant combination using borers and 
yield gave no indication of a yield loss relation. However, when cavi­
ties and yield were employed there was indication of non-homogeneity of 
the four coefficients. The four regression coefficients for the years 
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1953 to 1956 were +0.27» -15*55» -17.54, and -$-0.94 respectively. With 
the late-susceptible combination only the tests of homogeneity gave in­
dication of significance. Apparently the sum of squares for non-homo­
geneity was the contributing factor in the statistical rejection of the 
use of a single regression. However, the late-susceptible combination 
in Iowa comes the closest to consistency from year to year of any date-
variety combination in either Iowa or Minnesota on both borers and cav­
ities with yield. The late-resistant combination showed homogeneity of 
coefficients, the major reason for the rejection of the single regression 
hypothesis being the non-linearity of means or differences in the be-
tween-year, within-year regressions. 
The main problem to be considered now concerns the estimation of 
yield loss coefficients for the planting date-variety combinations pool­
ing the data obtained over four years. The preceding tests have pointed 
out two things concerning the use of one coefficient from year to year. 
First of all, in some years and on some factor combinations there may be 
almost no regression relation between yield and some infestation measure 
with data of the type considered here, and overestimates of yield loss 
would be likely. Secondly, although homogeneity of regression coefficients 
may prevail there is considerable variation in yields from year to year. 
When a loss figure is expressed as a percentage loss per borer the fig­
ure is arrived at by dividing the regression coefficient, B, byyu., the 
estimate of the yield in the absence of borers or cavities. In the 
presence of non-homogeneity from year to year loss estimates depending on 
a B based on a single season's data are subject to error just as use of 
the ratio B/y. is likely to underestimate losses in years of low yield and 
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overestimate losses in years of high yield, depending on the size of 
relative to the yearly yield. 
The data for four years will be pooled, although in some instances 
the regressions were non-homogeneous. The coefficients, in a sense, will 
be considered as random variables changing from year to year. The esti­
mates will be accompanied by confidence intervals. 
Each pooled regression coefficient is estimated as 
B = 
P 3ExT 
where W. is the sum of the treatments plus error sums of squares for the 
cross-products in the analysis of covariance for the randomized block 
analysis initially performed to estimate the regressions with treatments 
2, 3» 4 and either five or six replicates depending on the ith year. X. 
is the analogous sum of squares for either cavities or borers and Y; will 
be the analogous sum of squares for yield. 
The variance for the pooled regression coefficient is estimated by 
' 2 
V (Bp) = (&\\ 
^ U*r) 
i 
(£v. -i) 
where Vj is the degrees of freedom associated with Yj. The estimate is 
unbiased if the variances between the years are homogeneous. In computing 
the variances the assumption of homogeneity is made; however, the validity 
of the assumption in cases of non-homogeneity of the regression coeffi­
cients between years is open to question. 
The final results on the first brood populations are shown in tables 
7, 8 and 9- The pooled regression coefficients, standard errors and 95 
percent confidence limits are shown in table 7. The confidence intervals 
Table 7. Loss coefficients, standard errors and 95 percent confidence limits (L|, Lg) 
for pooled regressions. 
ES LS LR ES ER LS LR d.f. 
Yield and borers Yield and cavities 
Iowa b -11.16 -13.47 - 8,00 -10.78 - 7.93 -13.25 - 5.27 43 
sb 2.65 2.44 2.98 2.23 2.90 2.41 2.83 
Ll - 5*82 - 8.55 - 2.00 - 6.28 - 2.08 - 8.40 + 0.42 
L2 -16.50 -18.39 -14.00 -15.28 -13.78 -18.12 -10.98 
Mi nnesota b - 8.62 -10.70 - 9.35 -10.07 -11.57 - 9.59 45 
sb 2.17 2.81 5.11 2.44 3.6 7 5.40 
Ll - 4.26 - 5.04 + 0.96 - 5.16 - 4.18 + 1.29 
L2 -12.99 -16.36 -19.62 -14.98 -18.96 -20.46 
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Table 8. Ninety-five percent confidence limits of loss in bushels per 
acre per borer or cavity under various infestations. 
Infestation 
level ES LS LR ES ER LS LR 
Yield and borers Yield and cavities 
Iowa 
1 per plant Lj 
l2 
2.97 
8.42 
4.36 
9.39 
1.01 
7.13 
3.21 
7.79 
1.06 
7.03 
4.28 
9.24 
-0.21 
5.60 
3 per plant Lj 
l2 
2.25 
6.39 
3.30 
7.11 
0.77 
5.41 
2.43 
5.91 
0.81 
5.34 
3.25 
7.01 
-0.16 
4.25 
5 per plant L] 
l2 
1.90 
5.40 
2.79 
6.02 
O.65 
4.57 
2.06 
5.00 
0.68 
4.51 
2.75 
5.92 
-1.37 
3.59 
Minnesota 
1 per plant L] 
l2 
2.17 
6.61 
2.57 
8.35 
-0.48 
10.01 
2.63 
7.64 
2.13 
9.67 
-0.66 
10.43 
3 per plant Lj 
l2 
1.65 
5.02 
1.95 
6.34 
-0.37 
7.59 
2.00 
5.79 
1.63 
7.34 
1 O
 
s
s
 
5 per plant Lj 
l2 
1.39 
4.24 
1.65 
5.36 
-0.31 
6.42 
1.69 
4.90 
1.37 
6.20 
-0.41 
6.69 
in all cases overlap, indicating no major differences between the coef­
ficients. The late planting-susceptible combination in every instance 
gives the largest sized coefficients. A few cases occur where the limit, 
L], is positive, a result attributable to random variation. 
Comparisons of the standard error relative to the respective regres­
sion coefficient are of assistance in assaying the efficiency of borers 
and cavities for determining yield losses. The ratio sy/b for the same 
variety-date combination are approximately the same. This observation 
indicates that cavities are suitable criteria for evaluating damage as 
compared to borer counts, in terms of relative variation. 
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Table 9. Loss equations of yield in bushels per acre per borer or 
cavity pooled over years. 
Factors Equation 
. Standard 
error of b d.f. 
Yield and borers 
Iowa ES y = 98.97 - ll.lôx 2.65 43 
LS y = 105.53 - I3.47x 2.44 43 
LR y = 96.86 - 8.00x 2.98 43 
Minnesota ES y 116.75 - 8.62x 2.17 45 
LS y = 108.61 - 10.70x 2.81 45 
LR y = 91.28 - 9.35x 5.11 45 
Yield and cavities 
Iowa ES y = 101.98 - 10.78x 2.23 43 
ER y = 95.20 - 7.93x 2.90 43 
LS y = 105.99 - 13.25x 2.41 43 
LR y 94.57 - 5.27x 2.83 43 
Mi nnesota ES y 118.03 - 10.07x 2.44 45 
LS y = 108.60 - 11.57% 3.67 45 
LR y 91.32 - 9.59x 5.40 45 
Table 8 demonstrates the effect of the square root transformation on 
the loss equations. As a consequence of the transformation, loss per 
borer or cavity depends upon the number of borers or cavities. The losses 
per borer or cavity when 1, 3 or 5 per plant are present in terms of the 
95 percent confidence intervals are shown. The data in this table point 
out the fact that depending on the population range, various loss esti­
mates can be obtained for loss in yield per borer or cavity when a linear 
relation is assumed. 
Table 9 contains the estimating equations when pooled over years. In 
all cases the coefficients are significant at the 5 percent level except 
the late-resistant combination in Minnesota which is significant at the 10 
percent level. The unweighted means of the coefficients are -10.22 for 
borers and yield and -9.03 for cavities and yield. The values result in 
losses per one borer per acre of 5.31 bushels per acre or 4.70 bushels per 
acre per one cavity. As was anticipated, these values are lower than the 
respective estimates of 7.60 and 7.25 bushels using only regressions which 
were significant. 
Finally, the equations shown in table 9 were employed to determine 
the lines shown in figures 1, 2, 3 and 4. For Iowa there is not much dif­
ference in the lines in terms of slopes or distances between lines which 
does not exceed 5 bushels. In Minnesota the slopes are approximately the 
same but considerable differences in yield are present, depending on the 
planting date-variety combination. The situations demonstrated by these 
graphs indicate that for these data a single coefficient expressed as a 
percentage loss per borer might be reasonable in Iowa. However, in Min­
nesota any percentage loss figure would depend on the estimated yield 
since the regression coefficients are relatively constant and considerable 
errors in loss estimates would obtain unless a weighting scheme were 
employed. Needless to say, the data considered here are relatively simple 
as compared to the complex situation over the three states in which ex­
periments were conducted. 
Table 10 is a summary of yields, borers and cavities based on first 
generation dissections. It is presented for the convenience of the reader. 
Figure 1. Pooled regression lines for midsummer dissections in Iowa relating 
borers per plant per acre to bushels of corn per acre. 
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Figure 2. Pooled regression lines for midsummer dissections in Iowa relating 
cavities per plant per acre to bushels of corn per acre. 
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Figure 3. Pooled regression lines for midsummer dissections in Minnesota relating 
borers per plant per acre to bushels of corn per acre. 

Figure 4. Pooled regression lines for midsummer dissections in Minnesota relating 
cavities per plant per acre to bushels of corn per acre. 
MO -
w 100 
QC 
O 
< 
CL 
W 90 
CL 
0) 
-J 
w 
to 80 
z> 
CD 
70-
x 
MINNESOTA 
YIELD AND CAVITIES 
o-C-
0 T T 
CAVITIES PER PLANT 
Table 10. Mean yield, number of borers and cavities per plot for midsummer dissections. 
h 
— _ J ES ER LS LR Year and 
treatment Ba Y C B Y C B Y C B Y C 
lowa 
1953 1 4.26 17.85 4.26 4.26 16.19 4.26 4.35 17.10 4.35 4.26 16.64 4.26 
2 4.60 17.57 5.79 4.60 16.35 6.02 4.26 16.40 4.66 4.43 15.83 4.52 
3 6.83 16.63 10.64 5.06 16.12 6.64 8.98 15.07 10.87 6.62 15.48 6.80 
4 6.46 16.42 9.93 5.75 16.32 7.71 10.40 15.93 11.23 5.57 15.68 7,31 
1954 1 4.36 18.34 4.93 4.54 17.44 5.32 4.43 19.86 4.49 4.26 18.24 4.26 
2 9.27 17.16 10.67 8.00 16.84 9.04 5.17 18.60 4.94 4.84 17.62 5.42 
3 15.43 13.28 17.98 9.33 14.84 10.34 8.97 13.60 10.03 7.41 16.18 8.07 
4 15.31 14.14 16.79 10.42 15.08 11.84 10.32 13.98 10.56 6.93 17.08 7.91 
1955 1 4.36 15.37 4.36 4.36 14.96 4.36 4.26 16.35 4.36 4.26 15.83 4.26 
2 8.24 14.91 10.75 5.56 15.16 6.93 4.99 16,46 5.06 4.46 15.26 4.67 
3 10.44 13.27 13.53 5.90 15.15 7.15 5.86 16.13 7.64 4.90 15.57 5.58 
4 10.16 12.38 13.87 5.73 13.44 8.27 8.03 14.67 8.97 5.89 14.80 6.75 
1956 1 4.35 14.62 4.35 4.35 14.77 4.43 4.26 16.90 4.26 4.26 16.77 4.26 
2 5.59 13.67 5.96 4.77 14.23 5.15 4.26 18.17 4.26 4.35 16.38 4.26 
3 12.78 11.62 14.03 8.51 14.35 8.22 10.42 14.73 9.84 6.11 15.73 5.17 
4 13.48 12.00 13.41 7.69 13.90 7.83 12.88 14.15 10.84 7.09 15.78 6.80 
a B and C are borers and cavities respectively based on six plants. Y Is yield in pounds per 
plot at 15.5 percent moisture. To convert yield to bushels per acre multiply by 5.599. 
Table 10. (Continued) 
Year and ES ER 
treatment B Y Ç B Y Ç 
Minnesota 
1953 1 4.26 20.64 4.35 4.26 19.05 4.75 
2 4.34 20.72 4.43 4.58 17.29 4.35 
3 10.15 20.59 7.21 6.95 19.75 5.83 
4 11.16 20.04 7.60 7.26 18.32 5.82 
1954 1 4.26 18.35 4.26 4.26 15.72 4.26 
2 5.35 19.03 4.79 5.34 15.50 4.92 
3 13.87 15.62 9.08 10.43 15.45 6.78 
4 14.99 14.90 8.86 9.67 16.40 6.75 
1955 1 4.26 16.41 4.36 4.26 15.15 4.26 
2 4.26 14.12 4.26 4.26 14.25 4.54 
3 8.27 14.83 12.50 6.72 13.27 9.98 
4 7.91 15.17 13.95 6.50 13.41 9.43 
1956 1 4.35 19.62 4.35 4.35 17.40 4.43 
2 5.14 19.14 5.69 5.29 17.24 5.85 
3 10.40 16.27 12.07 8.82 16.07 9.33 
4 13.37 17.05 13.60 8.57 16.07 9.60 
LS LR 
B Y E  B Y E  
4.26 
4.26 
9 .12  
9.17 
4.26 
4.26 
12.08 
13.40 
4.36 
4.26 
7.08 
7.71 
4.35 
5.40 
10.61 
11 .82  
20.65 
21.32 
20.37 
17.70 
15.80 
16.70 
16.52 
13 .18  
13.26 
12.93 
11.70 
10.59 
17.95 
17.39 
15.89 
14.39 
4.26 
4.41 
6.96 
7.22 
4.26 
4.52 
9.01 
7.80 
4.36 
4.36 
8.86 
9.49 
4.26 
5.59 
11.92 
12.42 
4.26 
4.26 
5.77 
7.26 
4.26 
4.43 
7.68 
8.32 
4.26 
4.26 
4.94 
5.76 
4.26 
4.43 
7.37 
9.34 
16.60 
16.25 
16.74 
15.15 
15.02 
14.58 
13.72 
12.88 
10.09 
10.00 
9.37 
9 .16  
14.82 
16.17 
15.79 
14.45 
4.26 
4.35 
5.46 
5.40 
4.26 
4.35 
6.62 
5.80 
4.26 
4.26 
6.60 
5.13 
4.35 
4.75 
8.00 
10.59 
Table 10. (Continued) 
Year and 
treatment 
ES ER LS LR 
B Y C B Y C B Y C B Y C 
Ohio 
1953 1 4.26 14.20 4.26 4.26 15.38 4.26 4.26 14.45 4.26 4.26 13.90 4.26 
2 5.84 14.40 6.57 4.26 13.60 4.26 4.26 12.89 4.26 4.26 13.92 4.26 
3 10.58 13.77 11.22 5.51 13.09 5.76 8.08 13.75 8.29 5.00 13.89 4.81 
4 10.47 11.75 10.94 6.58 13.84 6.85 10.22 13.65 9.54 6.24 14.05 6.31 
1954 1 4.26 16.00 4.26 4.26 15.69 4.26 4.26 17.87 4.26 4.26 16.57 4.26 
2 4.26 15.15 4.26 4.26 15.17 4.26 4.26 15.87 4.26 4.26 15.60 4.26 
3 7.50 14.29 8.09 4.72 14.87 4.95 5.11 16.09 5.19 5.03 15.57 4.86 
4 9.59 14.57 9.79 4.96 15.42 5.17 7.00 16.00 5.72 4.69 15.19 4.52 
1955 1 4.26 16.13 4.35 4.35 15.71 4.35 4.26 16.56 4.49 4.43 16.00 4.52 
2 4.35 15.67 4.41 4.35 15.32 4.52 4.26 15.83 4.35 4.35 15.46 4.35 
3 6.78 15.09 9.46 5.78 14.81 8.87 4.89 16.11 7.21 4.77 15.88 5.84 
4 7.82 13.80 12.50 7.48 13.83 10.22 6.74 15.53 10.07 4.69 15.23 6.17 
1956 1 4.43 20.04 4.71 4.26 19.94 4.35 4.71 18.99 5.26 4.35 17.50 4.35 
2 9.74 18.99 12.43 6.94 17.82 9.69 6.71 16.20 8.87 5.91 17.29 7.48 
3 13.97 19.60 17.50 8.36 19.05 11.54 13.13 17.02 14.45 9* 14 15.84 12.14 
4 13.77 17.10 16.93 9.34 17.99 12.90 13.91 15.39 15.91 9.27 15.97 12.83 
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Fall Dissections 
The data for the eight treatments or levels of infestation within a 
planting date-variety combination dissected in the fall can be conven­
iently separated into two groups for purposes of further analysis. Treat­
ments 2, 3, 4 and 5 represent four levels of a first brood with a nat­
ural second brood population, while the combination of treatments 1, 5, 
6 and 7 represents four levels of the second brood practically in the ab­
sence of a first brood. A diagram of the situation with respect to the 
infestation levels for the various treatments is shown in the experimental 
design section and will clarify the appearance of treatment 5 in each com­
bination of levels. 
The analyses to be considered in this section are a natural exten­
sion of those in the section on midsummer dissections. Two broods instead 
of one are considered and four levels of infestation (treatments) instead 
of three are usable. The same computations generally have been performed. 
The Ohio data for 1955 have been omitted from the succeeding analyses 
since borers or cavities for the fall dissections were not recorded on a 
per plant basis. Consequently, only plot totals would be available for 
transformation, although all other transformations used the borers or cav­
ities per plant as the observed value. Treatment 8 was not used for these 
studies since it was the same as treatment 2 until 1956 when treatment 8 
was changed to a natural plus three egg mass first brood infestation and a 
zero second brood population. 
Before presenting the first series of correlation coefficients it 
would be well to indicate the situation with regard to natural populations 
in the three states. Table 11 shows the egg masses per 100 plants for the 
two broods. The egg mass numbers tend, in general, to reflect the nat­
ural borer populations (Everett et al. 1958) except for iowa, first brood, 
1955, and Minnesota, second brood, 1956. The fact that a natural second 
brood population is imposed on the levels of the first generation of treat­
ments 2, 3, 4 and 5 should be borne in mind. In addition, there is some 
evidence (Everett et al. 1958) that natural oviposition by the second 
brood tends to be inversely related to first brood infestation. 
Tables 12, 13 and 14 present the correlation coefficients for Iowa, 
Minnesota and Ohio. For years when five replicates were used the coef­
ficients are based on 14 degrees of freedom and when six replicates were 
used the coefficients are based on 17 degrees of freedom. Here, as in the 
case of midsummer dissection results, the treatment plus error sums of 
squares and cross-products are used in the computations. 
The results from fall dissections should be compared with the re­
sults from the midsummer dissections of treatments 2, 3 and 4 shown in 
table 1. Consideration of the Iowa data (table 12) for first brood with -
Iowa results in table 1 indicates that the time of dissection for the esti­
mation of yield loss equations may have considerable effect on the chances 
of demonstrating a relation between yield and a measure of the infesta­
tion. With the midsummer dissections there was no evidence that borers 
were superior to cavities for estimating yield losses in terms of the 
correlation coefficients or relative variation. However, when dissections 
were performed in the fall after the natural second generation has had an 
effect, correlations of yield and borers were negative in only two in­
stances out of 16. The positive correlations were significant in six in-
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Table 11. Number of egg masses per 100 plants, natural infestation, 
by state, year and brood. 
Iowa Minnesota Ohio 
First brood 1953 38 21 90 
1954 144 52 1 
1955 272 1 1 . 
1956 64 75 107 
Second brood 1953 no data 238 no data 
1954 226 52 no data 
1955 71 57 25 
1956 - 44 156 55 
stances. These results indicate that if a research worker were trying to 
establish loss equations, using yield and borers, with these data obtained 
from fall dissections, he would be unsuccessful. Also, the results of 
yield loss estimates assuming a negative relation with a 3 percent loss 
per borer based on fall dissection would have been in considerable error 
in Iowa. 
If cavities had been used for establishing loss equations, greater 
success might be anticipated. Using cavities and yield 11 instances of a 
negative coefficient occur, and five are significant. Based on these re­
sults it follows that cavities would be a better criterion, at least in 
Iowa, for yield loss estimates based on fall dissections. However, when 
confronted with both midsummer and fall results, the midsummer dissections 
for estimating yield losses would be considered superior to fall dissec­
tion, since the regression relation is more likely to hold. 
The more frequent occurrence of positive correlation coefficients is 
a very disconcerting event with the fall dissection data, particularly 
when the coefficient is significant. For midsummer data positive coeffi-
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Table 12. Correlation coefficients of yield and borers or cavities for 
various year, variety, date combinations in Iowa for fall 
dissections of both broods. 
ES ER LS LR ES ER LS LR 
Yield and borers Yield and cavities 
Levels of first brood (treatments 2, 3, 4, 5) 
.227 .305 .261 -.193 -.155 -.305 .100 
.320 .848* .240 -.679* -.011 .708* .056 
.589* .496* .178 -.590* .462* -.157 -.262 
.292 -.408* .353 -.425* .020 -.787* -.362 
Levels of second brood (treatments i, 5, 6, 7) 
-.298 -.242 -.671* -.431* -.244 -.239 -.635* 
-.667* -.764* -.426* -.593* -.625* -.727* -.460* 
.098 -.436* .009 -.243 .393 -.389 -.152 
-.525* -.635* -.784* -.276 -.531* -.643* -.818* 
dents may be attributed to failures in establishing infestation levels 
and to natural yield variability. Fall data, however, is subjected to the 
interaction of populations from each brood and here lies one possibility 
for explaining positive correlations. 
Assume the establishment of first brood infestation level differences 
in an experiment and remember that an inverse relation exists between 
either borers or cavities and yield. On this same experiment impose a 
high second brood population. Positive correlations between yield and 
borers at the time of fall dissections would occur if an inverse relation 
existed between infestations for first brood and for second brood. Evi­
dence for an inverse relation between the two broods is available (Everett 
et al_. 1958; Weekman, 1957) and would partially explain higher second 
brood borer populations on plants with lower first brood populations. 
1953 
1954 
19 55 
1956 
.234 
.732* 
.477* 
.094 
1953 
1954 
1955 
1956 
.522* 
.536* 
.177 
.302 
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Table 13. Correlation coefficients of yield and borers or cavities for 
various year, variety, date combinations in Minnesota for 
fall dissections of both broods. 
ES ER LS LR ES ER LS LR 
Yield and borers Yield and cavities 
Levels of first brood (treatments 2, 3, 4, 5) 
1953 -.122 -.243 .034 .006 .050 .035 -.139 .167 
1954 -.601* -.096 -.531* .133 -.781* -.110 -.484* -.082 
1955 .359 -.038 .185- .363 -.660* .026 -.314 -.136 
1956 -.524* -.136 -.568* .064 -.632* -.370 -.744* .183 
Levels of second brood (treatments 1, 5, 6, 7) 
1953 .173 -.323 -.121 -.303 .061 -.351 .004 -.120 
1954 . 312 -.070 .169 -.204 . 376 -.089 .195 -.185 
1955 . 090 -.241 -.367 .046 . 007 -.297 -.354 -.046 
1956 -.389* -.247 -.256 +.524* -.542* -.131 -.419* -.114 
Thus when higher first brood infestation levels cause reduced yield they 
also tend, in a sense, to reduce second brood borer populations. The re­
sult is a positive correlation between yield and fall population borers. 
The fact that cavities at the time of fall dissections are more often 
negatively correlated with yield would suggest that the cavity per borer 
per plant output for the second generation is not as high as for the first 
generation. Maturity of the plant would be associated with the ease with 
which cavities are produced. The cavities produced by the second brood 
are perhaps not sufficient in number to hide the effects of 
first brood cavities when correlated with yield. 
As can be seen from this short digression, interactions between two 
broods can complicate the estimation of yield losses. Additional factors, 
of course, would include weather effects on yield as well as relations be-
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Table 14. Correlation coefficients of yield and borers 
various year, variety, date combinations in i 
dissections of both broods. 
or cavities for 
Ohio for fal1 
ES ER LS LR ES ER LS LR 
Yield and borers Yield and cavities 
Levels of first brood (treatments 2, 3, 4, 5) 
1953 
1954 
1956 
-.703* 
-.194 
-.580* 
-.219 -.046 .286 -.689* -.101 
.135 .068 .213 -.134 -.049 
-.047 -.442* -.314 -.523* -.328 
Levels of second brood (treatments 1, 5 
.139 
-.211 
-.479* 
, 6, 7) 
.309 
.065 
-.352 
1953 
1954 
1956 
-.375 
-.596* 
-.489* 
-.712* -.759* -.556* -.377 -.725* 
-.579* -.832* -.799* -.614* -.596* 
-.676* -.419* -.628* -.588* -.635* 
-.777* 
-.836* 
-.545* 
-.513* 
-.872* 
-.537* 
tween plant maturity at the time of infestation and failure to establish 
a wide range of infestation levels. 
First generation studies in Minnesota are not as striking as in Iowa. 
Midsummer data (table l) tended to give higher, and more often negative 
correlations of borers or cavities with yield than fall data (table 13). 
It is noteworthy that for late plantings, which would tend to be more 
heavily infested by natural populations, all eight coefficients for either 
borers or cavities in table 1 are negative. The coefficients in table 13 
on late planting for levels of first brood are positive six out of eight 
times using borers and yield and negative six out of eight times with cav­
ities. Once again for evaluating loss in yield due to first brood infes­
tation it would appear that midsummer dissections were superior to fall 
dissections. The superiority of cavities over borers in the fall is not 
quite as evident as in Iowa. 
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First brood studies in Ohio by means of fall dissections appear as 
fruitless as by the means of midsummer dissections. Coefficients were 
low except on the early planting of the susceptible variety (tables 1 and 
14). There is no evidence to suggest a decision regarding the best time 
for evaluating yield loss resulting from first brood damage. The widely 
used 3 percent loss figure is based on Ohio studies (Patch et al. 1941). 
v 
The studies on second generation levels in tables 12, 13 and 14 are 
based on treatments 1, 5> 6 and 7. For Minnesota (table 13) the results 
resemble those in Ohio for first generation. Very few instances of sig­
nificant correlations were found. There was no indication that cavities 
were more highly correlated with yield than were borers. 
The second generation data for Iowa (table 12) indicate that loss 
equations can be determined. Although the second generation exerts an 
effect on yield it will be seen later that losses per borer or cavity 
are not as great as in the case of "first generation populations. No indi­
cation of a higher correlation between yield and borers than between yield 
and cavities is to be observed. 
The Ohio data for the second generation shown in table 14 present an 
extreme in the success of estimating yield loss. Every coefficient is 
negative and in only one case, early-susceptible in 1954, is the coeffic­
ient not significant. Both borers and cavities appear to be equally ef­
fective in accounting for variation in yield. It would appear that in 
Ohio it is much easier to establish a yield loss relation when working on . 
the second brood than on the first brood. For the estimation of yield 
loss it appears that data from fall dissections in Ohio would be more sig­
nificant than midsummer dissections. 
The section on midsummer dissections contains a few paragraphs on the 
differences between replicates (table 2) affecting the loss equations. 
The main point established Is that even within the same experiment size­
able yield differences between replicates exist. It is not considered 
necessary to reiterate this point and so discussion of replicate effects 
is omitted from this section. 
For each significant correlation coefficient in tables 12, 13 and 14 
the estimating loss equation has been computed and is shown in either 
table 15, 16 or 17. Equations with the regression coefficient positive, 
as occurs with first generation levels (treatments 2, 3> 4 and 5), have 
been included. The loss equations in these instances only appear in 
table 15 for Iowa and are of no value in estimating yield reductions. The 
regression coefficients for the Iowa second generation tend generally to 
be lower than those of the first generation indicating greater reductions 
In yield resulting from first brood infestations. The results in these 
tables for treatments 2, 3, 4 and 5 based on fall dissections are compara­
ble to those given in table 3 for midsummer dissections. It should be 
noted that the appearance of a borer and yield equation is almost always 
paralleled by a cavity and yield equation. 
The equations computed for the Iowa data are shown in table 15. All 
of the positive regressions with one exception occur with the first gen­
eration levels of treatments 2, 3> 4 and 5 in Iowa. The equations with a 
positive regression coefficient are of no value In estimating yield loss 
but fit the collected data over a short range of values. It should be re­
called that a parabola is being fitted to the data and that only a short 
segment of the entire curve is being utilized. Extrapolation without re-
Table 15. Regression equations for fall dissections relating yield in bushels per acre to borers or 
cavities per plant in Iowa. 
Standard Standard 
Treatments Factors Equation error of b d.f. Equation error of b d.f. 
Yield and borers Yield and cavlties 
ES 1954 y 8.43 + 32.55x 8.10 14 y es 242.43 - 4l.87x 12.10 14 
1955 y es 57.89 + 18.52x 9.11 14 y S3 93.60 - 7.31x 2.67 14 
1956 y es 109.59 - 9.97x 5.14 17 
ER 1955 y 53.51 + 23.80X 8.73 14 y S3 62.55 + 11.37x 5.83 14 
LS 1954 y es - 6.35 + 39.55x 6.61 14 y es -53.08 35.25x 9.41 14 
1955 y 70.95 + 12.28x 5.74 14 
1956 y es 146.38 - 24.llx 13.10 17 y ta 151.60 - 19.06x 3.62 17 
ES 1953 y sa 105.29 - 5.65X 2.24 17 y es 102.97 - 2.6lx 1.33 17 
1954 y 112.62 - 4.83X 2.03 14 y es 115.23 - 4.51K 1.64 14 
ER 1954 y a 104.09 - 3.84X 1.14 14 y es 104.23 - 3.33x 1.11 14 
1956 y es 100.10 - 3.02x 1.18 17 y 99.53 - 2.36X 0.91 17 
LS 1954 y S3 131.29 - 10.69x 2.41 14 y es 128.60 - 7.89X 1.99 14 
1955 y G 96.79 - 5.36X 2.96 14 
1956 y es 121.88 - 6.63X 1.96 17 y es 121.39 - 5.28x 1.53 17 
LR 1953 y ES 103.51 - 7. 62X 2.04 17 y es 101.25 - 4. 78X 1.41 lt 
1954 y es 107.02 - 3.26x 1.85 14 y es 109.07 - 3.30x 1.70 14 
1956 y 118.47 - 6. 26X 1.20 17 y es 118.14 - 5.37x 0.92 17 
Table 16. Regression equations for fall dissections relating yield in bushels per acre to borers or 
cavities per plant in Minnesota, 
Standard Standard 
Treatments Factors Equation error of b d.f. Equation error of b d.f. 
Yield and borers Yield and cavities 
2,3,4,5 ES 1954 Y S3 141.73 - 43.45x 12.95 17 y 121.03 - 12.46X 2.41 17 
1955 y 120.87 - 17.09x 5.19 14 
1956 y Et 128.67 - 30.09x 11.86 17 y 118.02 - 10.62x 3.16 17 
LS 1954 y a 123.40 - 33.I6x 12.82 17 y 104.03 - 8.02x 3.52 17 
1956 y a 115.02 - 25.17x 8.84 17 y a 111.32 - 11.55K 2.52 17 
1,5,6,7 ES 1956 y a 116.75 - 13.75x 7.90 17 y a 113.59 - 6.70X 2.52 17 
LR 1956 y a 61.11 + 29.I6x 11.48 17 y 103.56 - 4.99X 2.62 17 
Table 17. Regression equations for fall dissections relating yield in bushels per acre to borers or 
cavities per plant in Ohio. 
Treatments Factors Equation 
Standard 
error of b d. f. Equation 
Standard 
error of b d.f. 
Yield and borers Yield and cavities 
2,3,4,5 
1,5,6,7 
ES 1953 Y s3 120.04 - 37.76x 9.27 17 y s3 102.72 - 17.38K 4.43 
1956 y = 139.19 - 24.40x 8.31 17 y es 128.47 - 8, 80 k 3.48 
LS 1956 y 110.65 - 12.92x 6.35 17 y 108.26 - 6.62 k 2.95 
ES 1954 y 93.57 - 8. 53 x 2.79 17 y 93.41 - 7.47 k 2.33 
1956 y 139.51 - 31.84x 13.77 17 y 132.45 - 17.04 k 5.68 
ER 1953 y 92.36 - 12.17x 2.91 17 y ,85 92.57 - 10.69 k 2.47 
1954 y s3 96.57 - 10.21x 3.48 17 y 95.44 - 8,62 x 2.82 
1956 y 55 130.31 - 23.08x 6.11 17 y 122.50 - 11.95K 3.52 
LS 1953 y 86.57 - 7.4lx 1.54 17 y s3 86.84 - 6. 81 k 1.34 
1954 y 110.21 - 16.33 x 2.64 17 y s3 108.57 - 13.46 x 2.14 
1956 y 116.05 - 16.44x 8.63 17 y s3 117.66 - 13.95 k 5.21 
LR 1953 y 80 . 1 7  - 3. 72 k 1.35 17 y 79.63 - 3.09 k 1.26 
1954 y 101.78 - 13.14 k 2.40 17 y 102.23 - 12.05K 1.64 
1956 y 120,50 - 26.37 k 7.93 17 y 109.05 - 11.05 k 4.20 
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gard to the range of values of x and to the fact that x is actually a 
square root produces rather absurd results. The few instances that 
equations on first brood infestations appear reasonable occur when cav­
ities and yield are used. In view of the results with borers one might 
tend to be dubious about using cavities since there is apparently con­
siderable effect of the natural second generation on any yield loss re­
lation. 
The equations for treatments 1, 5, 6 and 7 hold more promise of 
success in estimating yield loss with cavities or borers. Generally the 
coefficients are smaller than those of table 3 which are for first gen­
eration unaffected by a natural second generation. This result indicates 
that on a per borer or cavity basis the first generation causes larger 
reductions in yield than the second generation. There is also some tend­
ency for the late planting equations to have slightly higher coefficients, 
as would be expected with lower borer or cavity counts. 
The regression equations for Minnesota are shown in table 16. The 
fact that there was relatively little success in estimating loss result­
ing from second brood infestation combined with the fact that there was 
some degree of success in estimating losses from first generation at the 
fall dissection is to be contrasted with the results in Iowa. The absence 
of significant regression relations on the resistant variety is also note­
worthy. 
For the Ohio equations shown in table 17 the regression coefficients 
were significant in only three cases out of a possible 12 for first gen­
eration infestations. The results are approximately the same as for mid­
summer dissections. With the second generation considerable success was 
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met in obtaining significant regression coefficients. 
The results given in tables 3, 15, 16 and 17 appear to give strong 
support to an argument that yield loss situations are not the same in the 
three states. If this argument is accepted, then some modifications of 
the sampling time would be necessary in order to estimate yield loss. In 
situations where the effect of one brood greatly overshadows the effect 
of the other brood, as in Ohio and Minnesota, a fall sample of either 
borers or cavities (cavities preferred when the first brood is of greater 
significance) would be reasonable for these data. Where the combination 
and interactions of broods occurs a midsummer dissection counting either 
borers or cavities is indicated. In the absence of a midsummer dissection 
more importance should be placed on fall cavity counts. 
The section for midsummer dissections contains the results of com­
parisons of actual and estimated yield (tables 4 and 5). For the fall dis­
sections of first brood infestation levels there are only eight equations 
in tables 15, 16 and 17 using borers and 12 equations using cavities which 
could be employed for comparisons. However, in view of the brood inter­
actions in Iowa, four of the 12 equations with cavities are of doubtful 
value. For the dissections of the second brood levels no estimate of yield 
independent of the estimating equations is available. Therefore, the com­
parisons of loss estimates from the computed equations have been omitted 
in this section. 
The possibility of pooling the equations over the three or four years' 
data available was considered next. The same set of tests outlined in the 
first section of the statistical studies have been performed. The results 
are shown for both broods in tables 18, 19 and 20 for Iowa, Minnesota and 
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Ohio data, respectively. 
For first generation levels there was no indication that a pooled 
regression on the resistant variety would be statistically significant in 
any of the states. On the susceptible variety in Ohio and Minnesota the 
regression coefficients from year to year were homogeneous and pooled 
equations were computed. For Iowa there was strong evidence of heter­
ogeneity of coefficients between years on the late-susceptible combina­
tion with both yield and borers. Since the pooled coefficient for the 
early-susceptible combination using cavities in Iowa was negative, the 
pooled regression equation was computed. 
The regression coefficients from year to year with the second gener­
ation infestation levels were generally accepted as being homogeneous in 
Iowa and Minnesota. In Ohio there was evidence of heterogeneity. The 
heterogeneity reflects the effects of year to year fluctuations in borer 
survivals. In 1953 borer populations were consistently higher than in 
the other three years (Everett et al. 1958) and it is in 1953 that regres­
sion coefficients are smaller (table 17). There is one exception on the 
early-resistant combination, however, which would be expected to be least 
affected by borer survival differences from year to year. On this combi­
nation in 1953 borer populations are more comparable.to those in 1954 and 
1956 and the regression coefficients would be considered homogeneous based 
on the statistical test (Fg). 
The major source of variation is the non-linearity of the between 
year means tested as F3. Also in some instances there is indication that 
within year regressions are not the same as between year, regressions. 
These points are believed of minor importance in yield loss estimation. 
Table 18. Results of homogeneity tests of regressions between years for fall dissections In Iowa. 
ES ER LS LR ES ER LS LR d.f. 
Yield and borers Yield and cavities 
First generation levels (treatments 2, 3, 4, 5) 
F| 13.77** 7.03** 17.40** 8.94** 5,62 
F2 3.06* 10.08** 3.90* 15.81** 3,62 
F3 30.33** 30.88** 2,65 
Ff, 1.65 
Second generation levels (treatments I, 5, 6, 7) 
Fj 20.95** 28.73^ 10.61** 16.32** 20.48** 27.22** 9.68** 17.03** 5,62 
F2 0.27 1.44 1.28 3.91* 0.38 1.58 2.09 3.34* 3,62 
F3 26.02** 40.66** 2.19 0.55 27.95** 21.30** 1.28 2.72 2,65 
F4 54.64** 75.45** 46.75** 80.47** 1,65 
Table 19. Results of homogeneity tests of regressions between years for fall dissections in 
Minnesota. 
ES ER LS LR ES ER LS LR d.f. 
Yield and borers Yield and cavities 
First generation level s (treatments 2, 3» 4, 5) 
Fl 11.89** 22.97** 7.42** 21.94** 6,65 
2.65 1.87 1.65 0.21 3,65 
1 10.64** 11.42** 13.56** 56.90** 2,68 
f4 1,68 
Second generation levels (treatments 1, 5, 6, 7) 
fl 10.71** 5.63** 6,65 
f2 0.04 0.75 3,65 
f3 20.28** 0.55 
2,68 
f4 33.02** 1,68 
Table 20, Results of homogeneity tests of regressions between years for fall dissections In Ohio. 
ES ER LS LR ES ER LS LR d.f. 
Yield and borers Yield and cavities 
First generation levels (treatments 2, 3, 4, 5) 
F| 37.00** 4.84** 32.56** 12.83** 4,51 
F2 1.56 0.70 1.37 0.76 2,51 
F3 61.80** 11.67** 17.50** 49.80** 1,53 
F4 1,53 
Second generation levels (treatments 1, 5, 6, 7) 
F| 19.26** 26.36** 6.07** 15.68** 20.52** 32.58** 8.20** 18.37** 4,51 
f2 3.21* 2.06 3.43* 9.09** 3.34* 0.32 3.20* 6.35** 2,51 
F3 0.01 0.33 0.22 2.12 36.19** 0.77 1,53 
F4 47.38** 97.07** 15.74** 67.14** 23.63** 1,53 
The pooled regression equations based on the fall dissection data 
are shown in tables 21 and 22. If the pooled regression coefficient was 
positive as occurred with the Iowa data, or if the test of significance of 
the pooled regression coefficient was non-significant the equation was not 
computed. Several of the homogeneity tests in tables 18, 19 and 20 (F%) 
were significant; however, a pooled equation was still computed. 
The equations for first brood studies (treatments 2, 3, 4, 5) shown 
in table 21 were computed only for the susceptible variety. The equations 
in this table may be compared with those shown in table 9. The success 
in obtaining pooled equations on the susceptible variety is in contrast to 
the lack of success when using a resistant variety. There is some indica­
tion that dissections at midsummer are more likely to produce significant 
regressions on the late resistant variety (table 3). The fact that it was 
not possible to obtain a significant pooled regression using yield and 
borers from the first generation levels with fall dissections in Iowa is 
important for current loss estimation methods depend on a fall dissection. 
The estimation of yield loss depends on the assumption that the rate 
of loss coefficient in an area being surveyed is the same as the rate of 
loss coefficient determined under experimental conditions. The rate of 
loss coefficient is in turn related to the time of dissection for an 
assumption of the same loss rates implies an assumption that dissections 
are performed at the same times relative to the maturity of the borer pop­
ulation. A rate of loss coefficient determined from dissections in the 
early fall would be expected to be smaller than one determined in the late 
fall, particularly if the two coefficients were based on borer counts. 
The die-off of the borer population would account for this difference in 
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Table 21. Yield loss equations pooled over years for first brood levels 
(treatments 2, 3, 4, 5) based on fall dissections. 
State Factors Equation 
Standard 
error of b d.f. 
Yield and borers 
Iowa ES Pa 
ER P 
LS P 
LR P 
Mi nnesota ES y = 124.51 - 23.24% 8.47 68 
ER ns 
LS y = 108.34 - 17.44% 7.23 68 
LR ns 
Ohio ES y = 115.91 - 23.56% 5.07 53 
ER ns 
LS y = 100.34 - 10.24% 4.48 53 
LR ns 
Yield and cavities 
Iowa ES y = 108.38 - 10.04% 2.75 65 
ER P 
LS h 
LR ns 
Mi nnesota ES y = 119.49 - 11.01% 2.04 68 
ER ns 
LS y = 105.26 - 9.16% 2.36 68 
LR ns 
Ohio ES y = 104.92 - 9.39% 2.25 53 
ER ns 
LS y = 97.43 - 6.06% 2.24 53 
LR ns 
a These equations were omitted for the following reasons: 
p - The pooled regression coefficient was positive, 
ns - The pooled regression coefficient was non-significant, 
h - The within year regression coefficients were non-
homogeneous. 
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Table .22. Yield loss equations pooled over years for second brood 
levels (treatments 1, 5> 6, 7) based on fall dissections. 
State Factors Equation 
Standard 
error of b d.f. 
Yield and borers 
Iowa ES y = 96.20 — 3.74x 1.18 65 
ER y = 90.29 - 2.56x 0.73 65 
LS y = 106.89 - 6.82x 1.23 65 
LR y 98.62 - 3.97x 0.87 65 
Mi nnesota ES ns 
ER y = 101.70 - 10.22x 4.69 68 
LS ns 
LR ns 
Ohio ES y 99.97 — 8.12x 2.56 53 
ER y = 104.84 - 13.19x 2.26 53 
LS y = 101.62 - 10.64x 1.71 53 
LR y = 94.70 - 7.59x 1.63 53 
Yield and cavities 
Iowa ES y 95.66 — 2.47x 0.82 65 
ER y = 89.59 - 1.77x 0.56 65 
LS y = 104.81 - 4.32x 0.88 65 
LR y 99.00 - 3.34x 0.66 65 
Minnesota ES ns 
ER y = 99.92 - 6.90x 3.74 68 
LS ns 
LR ns 
Ohio ES y = 101.53 — 7.67X 1.90 53 
ER y = 103.46 - 10.37x 1.69 53 
LS y = 102.54 - 9.69X 1.38 53 
LR y 95.13 6.83x 1.32 53 
coefficients. Cavities would be a more stable criterion in that they 
would not be subject to reduction in number as the season progressed.. If 
cavities were employed in estimating yield loss, fewer loss estimation 
errors would result in that cavities would be less dependent on the im­
plied assumption that borer populations were equally mature. 
The lack of significance for the Iowa regressions averaged over the 
four-year period for fall dissections of first brood infestation presents 
no evidence of a consistent regression of yield on borers or cavities. 
The application of a 3 percent loss per borer value would not properly 
estimate the true yield loss for there is no supporting evidence that any 
consistent yield loss figure exists. In order to better estimate loss in 
yield a dissection time during which the regression relation holds should 
be determined. Clearly the midsummer dissection results would satisfy the 
need for a significant yield with borers or cavities relation. 
The results for Minnesota and Ohio shown in table 21 indicate a con­
siderable effect on regression relations exerted by variety differences. 
It would appear that in Minnesota second brood effects on yield are neg­
ligible (tables 16 and 22) accounting for the significant regressions with 
first brood levels. The fact that pooled regression equations for the fall 
dissections of first brood infestations in Ohio were significant is diffi­
cult to explain. The midsummer results gave low correlation coefficients, 
some of which were positive (table I). The inclusion of treatment 5 would 
tend to increase the correlation since it has a zero first brood popula­
tion and a natural second brood and represents an extension in the range 
of borer or cavity levels. 
The pooled equations for the second brood dissections in the fall are 
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shown in .table 22. All pooled equations in Iowa whether on cavities or 
borers were significant. The only indications of heterogeneity of re­
gressions from year to year occurred on the late-resistant combination. 
The regression coefficients are lower than those for the first brood re­
gression coefficients determined from midsummer dissections. The 95 per­
cent confidence limits for the regression coefficients in tables 21 and 
22 are shown in table 23. It may be observed that for the Iowa pooled re­
gressions the confidence limits shown in table 23 overlap the comparable 
factor combination coefficients shown in table 5 in four out of seven cases 
lending support to the hypothesis of higher yield reductions resulting 
from first brood infestations. 
Only two pooled equations were computed for the Minnesota data and 
these were on the early-resistant combination for yield and both borers 
and cavities. None of the early-resistant equations in table 16 are sig­
nificant; however, it will be noted that all the regression coefficients 
in table 13 are negative and of approximately the same magnitude. Here is 
an example of the non-significance of regression coefficients within years 
but the significance of the pooled regression coefficient. The F value 
for significance of the pooled regression was 4.74 with yield and borers 
and 3.40 with yield and cavities, with 1 and 68 degrees of freedom. The F 
value required for significance at the 5 percent level is 3*98 and 2.79 at 
the 10 percent level. In general it would appear that second brood 
effects on yield in Minnesota are less pronounced than in Ohio or Iowa. 
The pooled equations for estimating loss in yield resulting from 
second brood infestations are shown in table 22. The 95 percent confi­
dence limits for the pooled regression coefficients are shown in table 23. 
Table 23. Ninety-five percent confidence limits for the pooled regression coefficients. 
ES ER LS LR ES ER LS LR 
Yield and borers Yield and cavities 
First brood levels (treatments 2, 3 , 4,5) 
1 owa % - 4.55 -15.53 • 
Minnesota % - 6.34 -40.14 - 3.00 -31.88 - 6.94 -15.08 - 4.45 -13.87 
Ohio % -13.40 -33.74 -1.25 -19.23 - 4.88 -13.90 - 1.57 -10.55 
Second brood levels (treatments 1, 5, 6, 7) 
Iowa % - 1.38 - 6.10 - 1.10 - 4.02 - 4.36 - 9.28 2.23 5.71 - 0.83 - 4.11 - o. 65 - 2.89 - 2.56 - 6.08 - 2.02 - 4.66 
Minnesota - 0.86 
-19.58 
+ 0.56 
-14.36 
Ohio 
ti 
- 2.98 
-13.26 
- 8.66 
-17.72 
- 7.21 
-14.07 
4.32 
10.86 
- 3.86 
-11.48 
- 6.98 
-13.76 
- 6.92 
-12.46 
- 4.18 
- 9.48 
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It will be noted from comparisons of the confidence intervals that re­
gression coefficients In Ohio are higher than in Iowa. The confidence 
intervals for the Minnesota pooled regressions are also included in table 
23. 
As in the case of the midsummer dissection data, the 95 percent con­
fidence limits of loss per borer have been computed for the fall dis­
sections. These limits are shown in table 24 for the levels of the first 
brood and in table 25 for the second brood levels. The reduction in loss 
per borer or cavity as the population increases Is apparent and attribut­
able to the use of the transformation. 
If a straight line had been fitted to the untransformed data the re­
gression coefficient would probably most nearly approach the loss per 
borer or cavity for three borers or cavities per plant. Actually if a 
straight line were fitted to the curved line for the range of borers or 
cavities from 0 to 10 the slope for 3.83 borers would represent the re­
gression coefficient for the straight line. With a range of borer or 
cavity counts from 0 to 6 per plant the slope of the curved line with 2.53 
borers per plant would represent the regression coefficient. 
The 3 percent loss per borer figure based on Ohio data corresponds to 
losses per acre of 2.10 bushels per borer per plant when the yield is 70 
bushels and 3.30 bushels per borer per plant when the yield is 110 bushels 
per acre. With the Ohio data in table 25 for populations of three borers 
per plant these values of 2.10 and 3.30 are seen to lie within the confi­
dence intervals, which are admittedly rather wide. However, for Iowa the 
values appear to be a bit too high, indicating overestimates of loss when 
only the second brood is involved. When only a first brood population Is 
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Table 24. Ninety-five percent confidence limits of loss in bushels per 
acre per borer or cavity per plant with various infestation 
levels for fall dissection of first brood levels (treatments 
2, 3, 4, 5). 
Infestation 
State level ES LS ES LS 
Yield and borers Yield and cavities 
Iowa 1 per plant % 2.37 8.08 
3 per plant % 1.76 6.01 
5 per plant 
H 
1.48 
5.07 
Minnesota 1 per plant L, 
L2 
3.30 
20.87 
1.56 
16.58 
3.61 
7.84 
2.31 
7.21 
3 per plant L] 
l2 
2.45 
15.53 
1.16 
12.34 
2.69 
5.84 
1.72 
5.37 
5 per plant 2.07 
13.13 
0.98 
10.42 
2.27 
4.93 
1.46 
4.53 
Ohio 1 per plant L] 
l2 
6.97 
17.54 
0.65 
10.00 
2.54 
7.23 
0.82 
5.49 
3 per plant Ll 
l2 
5.19 
13.06 
0.48 
7.44 
1.89 
5.38 
0.61 
4.08 
5 per plant Ll 
l2 
4.38 
11.03 
0.41 
6.29 
1.60 
4.54 
0.51 
3-45 
involved with midsummer dissections as shown in table 7 the established 
values based on the 3 percent value appear to be too low for Iowa. Once 
again the difference in losses between states is indicated. 
The pooled regression equations shown in tables 21 and 22 have been 
plotted and are shown in figures 5 to 12. The equation for Iowa with 
yield and cavities in table 21 (first brood) and the Minnesota equations 
Table 25. Ninety-five percent confidence limits of loss in bushels per acre per borer or cavity 
per plant with various Infestation levels for fall dissection of second brood levels 
(treatments 1, 5» 6, 7). 
Infestation 
State level ES ER LS LR ES ER LS LR 
Yield and borers Yield and cavities 
Iowa 1 per plant 1 
2 
0.72 
3.17 
0.57 
2.09 
r~
~
.
 
ff
i 
CM 
00 1.16 
2.97 
0.43 
2.14 
0.34 
1.50 
1.33 
3.16 
1.05 
2.42 
3 per plant i 
2 
0.53 
2.36 
0.43 
1.56 
1.69 
3.59 
0.86 
2.21 
0.32 
1.59 
0.25 
1.12 
0.99 
2.35 
0.78 
1.80 
$ 5 per plant •1 
2 
0.45 
1.99 
0.36 
1.31 
1.43 
3.03 
0.73 
1.87 
0.27 
1.34 
0.21 
0.95 
0.84 
1.99 
0.66 
1.52 
Minnesota 1 
3 
per plant 
per plant 
•1 
2 
•1 
2 
0.45 
10.18 
0.33 
7.58 
-0.29 
7.47 
-0.22 
5.56 
Ohio 
5 
1 
per plant 
per plant 
1 
2 
1 
2 
1.55 
6.90 
0.28 
6.40 
4.50 
9.21 
3.75 
7.32 
2.25 
5.65 
2.01 
5.97 
-0.18 
4.70 
3.63 
7.16 
3.60 
6.48 
2.17 
4.93 
3 per plant 1 
2 
1.15 
5-13 
3.35 
6.86 
2.79 
5.45 
1.67 
4.20 
1.49 
4.44 
2.70 
5.33 
2.68 
4.82 
1.62 
3.67 
5 per plant 1 
2 
0.97 
4.34 
2.83 
5.79 
2.36 
4.60 
1.41 
3.55 
1.26 
3.75 
2.28 
4.50 
2.26 
4.07 
1.37 
3.10 
(second brood) in table 22 have not been included. These'figures are. • 
directly comparable to figures 1 to 4 based on midsummer dissections. 
The figures for Minnesota are especially interesting since clear 
comparisons of a midsummer to a fall dissection of a first brood popula­
tion are possible. The figures based on the midsummer dissection (fig­
ures 3 and 4) show little difference between the use of borers or cav­
ities. However, figures 5 and 6 show a large difference in the slope of 
the regression line for borers and yield as compared to cavities and 
yield. The difference between the slope of the lines in figure 5 as com­
pared to the slope of the lines in the other three figures is thought to 
reflect the inconsistency of borer counts from midseason to fall and the 
consistency of cavity counts. The figures for borers also show the effect 
of the reduction in the population upon the regression coefficients. As 
the population decreases the slope or loss per borer increases. For fig­
ures 3 and 5 the same size error in the -estimation of the number of borers 
leads to a larger error in estimation of yield loss as a result of the 
greater slope. Also the reduction in population would lead to large 
variances in that the variance of the regression coefficient is inversely 
related to the range of the independent observations (x values). 
The Ohio data is shown in figures 7 to 10. The second brood equa­
tions show little differences associated with the variety-planting date 
combination. The first brood equations are quite variable, particularly 
when borers and yield were the variables considered. The Iowa data in 
figures 1, 2, 11 and 12 indicate differences in the rate of yield loss 
depending on the brood. There are no differences indicated in the ef­
fectiveness of borers or cavities when used with yield. 
Figure 5. Pooled regression lines for fall dissections of first brood In Minnesota 
relating borers per plant per acre to bushels of corn per acre. 
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Figure 6. Pooled regression lines for fall dissections of first brood In Minnesota 
relating cavities per plant per acre to bushels of corn per acre. 
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Figure 7. Pooled regression Vines for fall dissections of first brood in Ohio 
relating borers per plant per acre to bushels of corn per acre. 
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Figure 8. Pooled regression lines for fall dissections of first brood in Ohio 
relating cavities per plant per acre to bushels of corn per acre. 
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Figure 9, Pooled regression lines for fall dissections of second brood in Ohio 
relating borers per plant per acre to bushels of corn per acre. 
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Figure 10. Pooled regression lines for fall dissections of second brood in Ohio 
relating cavities per plant per acre to bushels of corn per acre. 
Figure 11. Pooled regression lines for fall dissections of second brood In Iowa 
relating borers per plant per acre to bushels of corn per acre. 
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Figure 12, Pooled regression lines for fall dissections of second brood In Iowa 
relating cavities per plant per acre to bushels of corn per acre. 
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The final comparison considered in this section was on the relative 
variation for the estimates of the regression coefficients. The ratios 
of the standard error of the regression coefficient to the regression 
coefficient were computed for all situations in tables 3, 15, 16 and 17 
when an equation using yield and borers was paralleled by an equation 
using yield and cavities on the same combinations of year, planting date, 
variety and state. The ratios for borers were not consistently lower or 
higher than for cavities. This result leads to the conclusion that in 
terms of variability of the regression coefficients borers are neither 
better nor worse than cavities for estimating yield losses. Also, it may 
be observed that in almost every instance of a significant regression be­
tween yield and borers the parallel regression of yield and cavities is 
significant. 
Finally, just as for the midsummer dissection data the results of 
the fall dissections averaged over replicates are shown in tables 26, 27 
and 28. Plot totals for borers and cavities are on ten plants rather 
than on six as in the case of midsummer dissections. 
Table 26. Mean yield, number of borers and cavities per plota for fall dissections In Iowa, 
Year and 
treatment 
ES ER LS LR 
B Y C B Y C B Y C B Y C 
1953 1 10.41 17.85 15.10 9.94 16.19 11.75 13.65 17.34 17.45 12.31 16,64 14.92 
2 10.62 17.53 17.99 12.55 16.47 17.62 17.81 16.77 26,40 17.92 16,10 23.51 
3 11.25 16.63 21.79 12.61 16.12 19.49 15.65 15.07 27.58 16,30 15.49 23.04 
4 9.69 16.42 21.64 11.40 16.32 17.02 15.52 15.94 25.97 15.42 15.69 22.51 
5 12.77 17.22 18.94 11.96 16.19 16.21 17.44 17.34 26.35 17.74 16.49 23.76 
6 18.42 17.14 32.01 21.01 15.77 30.04 23.14 16,87 32.74 21.40 15.70 29.80 
7 21.04 16.70 33.82 21.51 15.97 31.70 24.21 16,20 34.77 22.25 15.10 30.22 
1954 1 18.66 18.34 24.17 15.26 17.44 18.78 20.04 19.87 24.38 15.63 18.24 20,72 
2 27.10 17.16 36.24 28.67 16,84 34.04 34.44 18.60 42.84 32.48 17.62 38.03 
3 21.95 13.28 38.78 27.38 14.84 34.25 29.77 13.60 39.32 29.92 16.18 36.07 
4 22.42 14.14 37.50 27.15 15.08 34.32 29.36 13.98 38.50 28.64 17.08 34.52 
5 26.27 18.26 35.03 31.08 16.88 35.55 32.35 17.38 40.53 30.26 18.02 35.90 
6 32.69 17.26 40.19 31.75 16.54 37.44 33.76 17.04 41.86 30.52 16.74 36,80 
7 34.17 16.94 43.61 34.24 15.80 39.56 34.52 16,48 43.08 32.48 17.12 38,96 
1955 1 7.51 15.37 9.58 7.96 14.96 8.44 8.45 16.35 9.76 8.66 15.90 9,61 
2 12.78 14.91 23.13 12.16 ; 15.16 17.24 15.19 16,46 22.90 15.93 15.26 21.63 
3 9.57 13.27 25.61 11.49 15.16 17.20 16.08 16.13 25.96 16.06 15.57 22,14 
4 9.39 12.38 26.68 11.17 13.44 15.95 12.67 14.67 24.42 16.07 14.80 21,61 
5 10.20 14.67 13.75 10.82 13.87 13.32 14.56 16,26 22.71 14,25 15.90 17,95 
6 14.13 14.76 24.32 16.87 14.65 20,67 17.88 15.31 31.46 23,15 15.76 30,90 
' 7 13.80 14.24 25.94 19.79 14.66 26.16 20.95 15.30 35.96 24,48 15.43 33.87 
a Each plot total on borers and cavities is based on ten plants. 
Table 26. (continued) 
Year and 
treatment 
^ ES ER LS LR 
B Y C B Y C B Y C B Y C 
1956 I 8.39 14.62 9.35 7.95 14.77 8.10 8.83 16.90 10.56 8.58 16.77 8.79 
2 11.42 13.67 15.78 10.75 14.24 12.88 12.43 18.17 14.90 12.71 16.39 14.45 
3 11.41 11.62 23.59 12.27 14.35 17.03 13.31 14.74 22.54 11.91 15.74 15.37 
4 12.17 12.00 23.47 11.28 13.90 16.77 14.50 14.15 24.35 12.88 15.80 17.24 
5 11.30 14.37 13.55 10.76 13.97 11.43 13.60 16.92 15.43 13.25 16.20 14.85 
6 25.52 14.97 33.51 22.61 13.49 27.63 23.94 15.22 29.96 23.93 14.60 27.74 
7 30.22 12.97 38.32 24.33 13.84 29.00 27.90 14.74 34.28 25.14 15.04 29.24 
Table 27. Mean yield, number of borers and cavities per plot for fall dissections In Minnesota. 
Yegr and 
treatment 
ES ER LS LR 
B Y C B Y C B Y C B Y C 
1953 1 7.36 20.63 7.59 7.27 19.05 7.36 7.63 20.65 7.69 7.44 I6.60 7.53 
2 12.19 20.49 10.73 12.73 16.64 9.43 12.65 21.25 10.99 12.47 16.95 10.34 
3 11.99 20.59 16.62 12.79 19.75 10.57 10.91 20.37 14.34 12.09 15.95 11.98 
4 12.29 20.04 17.17 11.23 18.32 11.34 12.19 17.90 16.36 11.48 15.94 11.43 
5 11.67 20.34 12.19 12.16 18.05 9.22 13.93 18.65 10.32 12.68 15.62 10.03 
6 16.33 20.59 14.46 14.89 17.22 11,56 15.87 20.25 14.09 14.59 15.79 12,80 
7 19.28 20.84 16.83 16.30 17.95 13.01 18.06 20.37 17.27 16.35 14.89 14.44 
1954 1 9.41 18.35 13.36 7.91 15.72 10.32 9.73 15.80 12.94 8.61 15.02 11.50 
2 10.25 18.77 16.32 8.76 16.04 12.32 9.32 15.80 13.39 9.25 14.59 12.38 
3 11.62 15.62 27.23 10.74 15.45 18.64 12.71 16.52 25.21 9.90 13.72 15.55 
4 12.34 14.90 28.77 10.78 16.40 19.95 13.03 13.19 27.06 9.49 12.89 16.54 
5 9.29 18.22 12.89 9.11 16.34 11,32 9.53 17.70 12.03 8.88 13.64 12.17 
6 11.50 18.65 18.58 9.20 15.92 12.75 12.40 17.27 18.44 9.50 15.55 13.98 
7 10.48 18.72 18.80 10.29 15.59 15.60 13.51 17.15 20.42 10.01 12.85 15.85 
1955 1 7.48 16.40 9.57 7.89 15.15 10.11 7.71 13.32 9.46 7.51 10.00 10.86 
2 10.10 17.45 15.62 9.29 13.81 14.77 9.89 13.02 16.96 8.80 10.24 14.36 
3 8.58 14.83 20.53 8.80 13.27 16.65 8.12 11.70 18.15 8.88 9.37 14.99 
4 9.06 15.17 20.91 8.85 13.41 17.02 9.03 10.59 17.03 9.04 9.06 15.76 
5 8.85 17.46 13.22 8.85 13.40 12.72 8.13 12.82 15.13 8.82 10.85 15.59 
6 11.28 17.30 18.00 8.89 13.95 17.41 10.94 12.79 19.24 9.19 8.96 15.06 
7 12.30 16.50 20.78 10.36 13.91 18.45 11.91 12.71 21.76 10.88 9.42 19.43 
P. y 
il-
Table 27. (continued) 
Year and 
treatment 
ES ER LS LR 
B Y C B Y C B Y C B Y C 
1956 1 7.19 19.62 7.87 7.19 17.40 7.61 7.44 17.96 8.67 7.19 14.82 7.42 
2 8.39 19.14 12.79 9.25 17.24 13.33 8.73 17.40 13.55 8.23 16.17 11.89 
3 10.51 16.27 21.25 9.34 16.07 15.75 11.83 15.89 23.72 9.53 15.79 15.96 
4 11.09 17.05 23.73 9.07 16.07 18.46 10.89 14.05 23.12 9.89 14.45 17.02 
5 8.12 19.00 10.07 8.14 16.80 10.62 8.01 17.10 12.81 8.53 15.92 12.08 
6 8.18 18.35 13.52 8.86 17.20 11.77 10.60 16.44 19.54 9.16 15.49 14.65 
7 9.96 18.24 18.29 9.21 16.82 13.44 12.63 16.85 22.39 8.39 14.74 14.87 
V£> 
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Table 28. Mean yield, number of borers and cavities per plot for fall dissections in Ohio. 
Year and 
treatment 
ES ER LS LR 
B Y C B Y C B Y C B Y C 
1953 1 8.60 14.20 8.94 7.84 15.38 8.77 8.00 14.45 8.44 7.59 13.90 8.13 
2 10.28 14.57 11.81 10.51 12.87 11.94 18.90 12.73 22.42 13.27 13.97 14.69 
3 11.71 13.77 17.11 11.96 13.08 14.45 16.90 13.75 20.32 12.34 13.88 14.21 
4 13.22 11.75 18.60 12.72 13.83 14.60 16.26 13.65 21.07 13.61 14.05 15.09 
5 10.61 14.78 12.13 11.67 13.52 13.28 17.40 13.38 19.06 13.04 13.07 14.38 
6 20.98 12.58 24.48 16.99 12.05 20.71 29.38 11.37 33.78 23.30 13.17 26.24 
7 24.02 13.65 28.10 21.25 12.48 23.79 36.87 10.52 40.08 27.03 12.43 29.56 
1954 1 7.87 16.00 8.12 7.27 15.69 7.19 7.84 17.87 8.01 7.36 16.57 7.36 
2 9.19 15.11 10.68 9.66 15.86 10.42 9.77 16.15 11.23 9.19 15.47 9.82 
3 9.93 14.29 13.02 9.51 14.87 10.45 10.08 16.09 11.80 9.08 15.57 9.84 
4 12.14 14.57 16.68 9.16 15.42 10.33 10.01 16,00 12.44 8.58 15.19 9.68 
5 8.41 14.95 9.50 9.81 15.87 9.81 10.47 16.47 11.33 9.94 16.39 10.38 
6 21.49 13.70 24.55 15.26 14.54 17.51 21.38 13.67 25.88 15.64 13.74 18.74 
7 23.50 12.87 26.89 20.28 13.32 22.55 26.04 11.57 29.67 19.48 13.74 22.17 
1956 1 7.36 20.04 8.13 7.44 19.94 7.44 7.53 18.9!) 8.33 7.27 17.50 7.53 
2 11.96 18.99 21.75 9.58 17.82 16.18 9.16 16.20 15.08 7.87 17.29 12.98 
3 14.34 19.60 28.60 10.79 19.05 18,90 14.66 17.02 26.71 9.89 15.84 20.51 
4 15.94 17.10 30.62 10.98 17.99 20.33 16.22 15.39 28.15 9.79 15.97 21.48 
5 7.84 21.94 9.21 7.82 20.85 8.35 7.78 19.42 8.91 7.93 18.10 8.93 
6 10.90 19.12 16.63 11.78 17.67 15.64 11.50 15.17 15.87 9.83 16.44 14.50 
7 12.52 16.64 21.59 13.77 17.82 21.27 14.59 17.19 20.28 12.07 16.19 18.16 
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SUMMARY AND CONCLUSIONS 
Data from split-split plot experiments with two varieties, two 
planting dates and eight combinations of first and second brood infesta­
tions conducted in Iowa, Minnesota and Ohio from 1953 to 1956 were con­
sidered for study by use of regression methods of the loss in yield of 
corn relative to borer or cavity counts. Both midsummer dissections and 
fall dissections were used in estimating the number of borers and cavi­
ties. 
The most important point established by the data was the inconsis­
tency from state to state in the relative importance of the two broods to 
corn yield. In Ohio first brood effects were generally small while losses 
resulting from second brood attacks were pronounced. In Minnesota the 
opposite situation was revealed, major effects being caused by first 
brood populations. The data for Iowa indicated an intermediate situation 
with the interaction of the two generations having large effects on esti­
mation of losses. 
The widely used 3 percent loss figure was consistent with the Ohio 
data and the Minnesota data; however, in Iowa for fall dissections of a 
second brood the figure was too high, while for midsummer dissections of 
a first brood the figure was too low. 
The importance of time of dissection was indicated. Midsummer dis­
sections in Ohio give little information on the relation of yield to 
borers or cavities. For Minnesota differences were observed between the 
use of borers or cavities for midsummer and fall dissections, cavities 
consistently appearing as a more stable criterion. The Iowa data revealed 
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that fall dissections of first brood populations affected by natural 
second brood populations gave poor correlations between yield and borers 
and slightly higher correlations with cavities. The value of midsummer 
dissections in Iowa was apparent. 
No differences were observable in the relative effectiveness of 
borers or cavities for estimating yield losses in terms of the number of 
estimating equations obtained or the relative variance of the yield loss-
regression coefficients. Cavities were suggested as being a more stable 
criterion in the presence of interactions between first and second broods. 
Regression coefficients for Iowa data were higher for the first brood 
than the second brood. Results indicated that the second brood in Iowa 
has an effect in reducing corn yield. The regression coefficients for 
the Ohio data on second brood were higher than those for the Iowa second 
brood. 
The resistance of the variety was a factor in the success of obtain­
ing a significant regression equation, particularly with first brood pop­
ulations. The time of planting was more important to the effect of 
second brood populations. 
A possible explanation for the occurrence of positive correlations 
was made in terms of the interactions of the two broods. The relation be­
tween population of the two generations was found to be significant when 
studying yield losses and suggests the use of all possible infestation 
level-brood combinations. 
Finally, considerable variation from year to year in the estimation 
of losses indicates a necessity for the inclusion of weather factors in 
further studies and the importance of long term experiments. 
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Table 29. Card punching code for NC-20 data. 
Col. 
No. I tern 
1 1 Location (Minnesota, Iowa, Ohio) 
2 2 Year (1953, 1954, 1955) 
3 3 Sample (August dissection, fall dissection including 
yield) 
4 4 Date of planting (early, late) 
5 5 Hybrid (susceptible, resistant) 
6 6 Replicate (I, II, III, IV, V, VI) 
7 7 Treatment (1, 2, 3, 4, 5, 6, 7, 8) 
In the case of data from the midsummer dissection: 
8 8 Plant number (1, 2, 3, 4, 5, 6) 
9 9 Visual rating (1, 2, 3, 4, 5, 6, 7, 8, 9) 
10 10 Visual rating mean (to one decimal place) 
11-12 11 Leaf lesions (1 to two digit numbers individual plant 
sums) 
12 Larvae ( I: ) 
13 Pupae ( " ) 
14 Emerged ( 11 ) 
15 Total borers per plant ( " ) 
16 Burrows in stalk ( :i ) 
17 Yield 
In the case of data from the fall dissection and yield sampling: 
8-9 8 Plant number (l, 2, 3, 4, 5, 6, 7, 8, 9, 10) 
10-11 9 Ear and shank - larvae (individual plant sum) 
12-13 10 Ear and shank - burrows ( 11 ) 
14-15 11 Main stalk - larvae above ear ( !I ) 
16-17 12 " " larvae below ear ( " ) 
18-19 13 " 11 total larvae ( " ) 
20-21 14 11 11 burrows above ear ( " ) 
22-23 15 11 " burrows below ear ( " ) 
24-25 1 6 " " total burrows ( " ) 
26-27 17 Total plant larvae (including ear, shank, main stalk) 
(individual plant sum) 
28-29 18 Total plant burrows (including ear, shank, main stalk) 
(individual plant sum) 
30-32 19 Plot yield - (pounds at 15.5 percent moisture per yield 
plot carried to one decimal). If yield plot deviates 
from standard - adjust to standard. 
33-35 20 Transformed values of 26-27 
36-38 21 " 11 " 28-29 
13-14 
15-16 
17-18 
19-20 
21-22 
23-25 
